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AMENDMENTS TO THE DRAWINGS 

A replacement sheet is submitted herewith for Figure 14A1, A2, Bl, B2. This is sheet 
16/16 of the drawings. The replacement drawing is a lighter exposure and is printed on regular 
paper so that is will be legible after scanning. 
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REMARKS 

Claims 1-3 have been cancelled. Claims 4-8 and 12 have been amended. New claims 13- 
15 are added. Claims 4-15 are now pending in this application. Claims 7-1 1 are withdrawn. 
Claims 7 and 8 have been amended to depend from claim 4 as claim 1 has been cancelled. 
Applicants request rejoinder of claims 7-1 1 upon allowance of claim 4. Support for the 
amendments is found in the existing claims and the specification as discussed below. 
Accordingly, the amendments do not constitute the addition of new matter. Applicant 
respectfully requests the entry of the amendments and reconsideration of the application in view 
of the amendments and the following remarks. 
Drawings 

A replacement sheet is submitted herewith for sheet 16/16 (Figure 14 Al, A2, Bl, B2), in 
response to the Examiner's objection that the originally submitted drawing was too dark. The 
replacement drawing is identical to the originally filed drawing but is a lighter exposure and is 
printed on regular paper so that it will be legible after scanning. 
Objections to the specification 

The specification has been amended to address the error noted by the Examiner that the 
references to SEQ ID NO: 2 are off by one residue in most instances. In addition, other clerical 
errors have been corrected including the spelling of "osteoporosis", and the MIN No. of the 
osteoporosis-pseudoglioma syndrome in Example 8. In paragraph 0120, the last "214 amino 
acids" has been corrected to "162 amino acids". However, it is noted that Plaisant et al. (2003) 
(Attachment A, discussed below) refers to "I<S1 amino acids" (notably, the first methionine was 
excluded from the sequence, and consequently, the cysteine of paragraph 120 is located at 
position 47). 

The continuing data section has been updated to show the patent number for the parent 
application. 
Claim objections 

Claim 5 has been amended to correct the numbering of amino acid positions which is off 
by one residue in all positions except for the leucine in position 162 which appears to be correct. 

In view of Applicants' amendments to the specification and claims, reconsideration and 
withdrawal of the objections is respectfully requested. 
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Rejection under 35 U.S.C. § 112, first paragraph 

Claims 1-6 and 12 are rejected under 35 U.S.C. § 1 12, first paragraph because the 
specification, while enabling for (1) a polypeptide comprising SEQ ID NO: 2 for treating 
ibotenate induced brain lesions, and (2) A peptide consisting of the amino acid sequence selected 
from the group consisting of the sequence between the glutamic acid in position 14 and the 
glutamic acid in position 28 of SEQ ID NO: 2, the sequence between the alanine in position 27 
and the leucine in position 37 of SEQ ID NO: 2, the sequence between the alanine in position 43 
and the glutamic acid in position 58 of SEQ ID NO: 2, the sequence between the glutamic acid in 
position 58 and the valine in position 70 of SEQ ID NO: 2, the sequence between the valine in 
position 81 and the leucine in position 98 of SEQ ID NO: 2, the sequence between the arginine in 
position 96 and the leucine in position 1 13 of SEQ ID NO: 2, the sequence between the serine in 
position 1 19 and the serine in position 130 of SEQ ID NO: 2, the sequence between the valine in 
position 138 and the threonine in position 151 of SEQ ID NO: 2, the sequence between the 
glutamic acid in position 14 and the cysteine in position 48 of SEQ ID NO: 2, the sequence 
between the glutamic acid in position 14 and the glycine in position 39 of SEQ ID NO: 2, the 
sequence between the leucine in position 37 and the cysteine in position 48 of SEQ ID NO: 2, 
and the sequence between the threonine in position 151 and the leucine in position 162 of SEQ 
ID NO: 2 for diagnosing osteoarthritis cartilage or making antibody, does not reasonable provide 
enablement for (1) any amino acid sequence having more than 70%, 85% or 95% homology with 
SEQ ID NO: 2, (2) any portion of SEQ ID NO: 2 as set forth in claim 5 previously, and (3)/(4) 
amino acid sequences, pharmaceutical formulations or pharmaceutical salts, or derivatives 
having more than 70% homology with SEQ ID NO: 2. 

This ground of rejection is overcome in part by amendment and in part by argument. 

With respect to claim 5, without acquiescing to the Examiner's position, claim 5 has been 
amended to the fragments indicated as enabled by the Examiner. Accordingly, this ground of 
rejection may be withdrawn for claim 5. 

Regarding claims 1-4, claims 1-3 have been cancelled. This ground of rejection is moot 
for claims 1-3. 

Claim 4 has been amended to independent form. Applicants' assert that the present 
specification is completely enabling for sequences having at least 95% homology to SEQ ID 
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NO:2. The application discloses not only SEQ ID NO: 2, which relates to the human PRDX5 
sequence, but also SEQ ID NOS: 4 and 6, which relate to the rat and mouse PRDX5 sequence, 
respectively. Notably, the mitochondrial targeting pre-sequence is missing from these sequences. 
Upon aligning SEQ ID NOS: 2, 4 and 6, 12 amino acids differed over a total 162 amino acids. 
This reflects an overall homology of about 93% between the three sequences and also provides 
guidance to one skilled in the art as to which residues may be modified with retention of activity. 
See also Figure 5 of the present specification which shows homology between the human and rat 
B18 (PRDX5) amino acid sequences as 97.5% and between the human and mouse B18 (PRDX5) 
sequences as 96%. Accordingly, Applicants respectfully submit that the present specification is 
enabling for sequences having 95% homology as two additional sequences having more than 
95% homology to SEQ ID NO: 2 are described in the present specification. Furthermore, an 
alignment of the three sequences provides sufficient guidance to one skilled in the art to 
determine which residues may be replaced or deleted without loss of biological activity. 

Regarding utility, the Examiner admits that SEQ ID NO: 2 has utility for treating 
ibotenate induced brain lesions and that the subsequences of claim 5 have utility for diagnosing 
osteoarthritis cartilage or making antibody (see item 10 on page 4 of paper no. 03032006). 
Furthermore, with respect to the fragments as claimed in claim 5, support for the asserted utility 
is disclosed in the present specification at paragraphs 0041-0046 which discloses use of peptide 
fragments to generate antibodies and their use in a diagnostic device such as a kit or column. 

Regarding the utility of SEQ ID NO: 2, (claims 4, 6, and 12-15), the specification 
discloses at paragraph 0134 that "intraperitoneal administration of recombinant PRDX5 
immediately after ibotenate produced a dose-dependent protection against the ibotenate-induced 
cortical plate and white matter lesions (Figures 10B and 1 1 A)". Also, as disclosed in paragraph 
0137, "tunel staining performed at 8 and 48 hours following ibotenate injection showed that 
recombinant PRDX5 induced a significant reduction of cortical plate [and white matter cell 
death] (Figure 12)". As discussed in paragraph 0138, when compared to control, exposure to 
PRDX5 induced a reduction of NMDA-induced neuronal cell death (Figure 13 A) and co- 
treatment with PRDX5 and DTT induced a larger reduction of NMDA-induced cell death. 
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In further support of the evidence provided by the present specification, Applicants' 
present two articles from peer reviewed journals which relate to the present application (see 
Attachment A). 

Plaisant, et al. "Recombinant Peroxiredoxin 5 protects Against Excitotoxic Brain 
Lesions in Newborn Mice" (2003) Free Radical Biology & Medicine, vol. 34, no.7: pages 
862-872. 

Wang, et al. "Expression and Regulation of Peroxiredoxin 5 in Human 
Osteoarthritis" (2002) FEBS Letters vol. 531: pages 359-362. 

The article by Plaisant, et al. describes data corresponding to the data presented in the 
present specification. The article by Wang , et al. provides evidence for a role for PRDX5 in 
osteoarthritis and concludes that "PRDX5. . .may have therapeutic value in the prevention and 
treatment of OA". Applicants would like to emphasize that the acceptance and publication of 
this data by peer reviewed journals underscores the scientific reliability and reproducibility of the 
present invention. 

Accordingly, Applicants respectfully submit that SEQ ID NO: 2, per se, and all of the 
subsequences of claim 5 as amended have a utility. 

Regarding sequences homologous to SEQ ID NO: 2, the Examiner takes the position that 
even small changes in sequence can result in loss of biological activity and that close sequence 
identity is no guarantee of biological activity. The Examiner cites Mason, et al. for their teaching 
that replacement of cysteine residues in activin A results in loss of activity. There is also a 
mention of TGF02 at page 330, col. 1. However, this reference does not relate to PRDX5 
sequences. Mason, et al. is a specific teaching for activin A. At best, Mason, et al. may be 
pertinent to dimers linked by a disulfide bond. However, Mason, et al. is not pertinent here. 

Atwood, et al. cited by the examiner, relates to bioinformatics and not to the present case 
where a function may be assigned to a specific sequence. The present claims relate to a specified 
structure characterized by SEQ ID NO: 2, which has an experimentally proven function , in 
contrast to the computationally predicted functions of possible proteins of Atwood. Nevertheless, 
Atwood admits that function prediction through pattern recognition is possible (page 2, 
penultimate paragraph), contrasting the opinion by the examiner on page 6, line 6 et seq stating 
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that "There is no recognition in the art that sequence identity [sic] predicts biological function 
and therefore a disclosure of sequence identity does not lead one of skill in the art at the time the 
invention was made to believe said identity gives a credible use to the claimed protein." 
Accordingly, neither Mason, et al. nor Atwood, et al. support the Examiner's position with 
respect to the present case. 

Furthermore, as discussed above, the present claims are now limited to sequences with at 
least 95% homology to SEQ ID NO: 2. Two sequences falling within the scope of this claim are 
described in the application, besides SEQ ID NO: 2, per se. These sequences are the 
corresponding sequences from rat (SEQ ID NO: 4) and mouse (SEQ ID NO: 6). These 
sequences are all identified as PRDX5 (B18). As disclosed in the application at paragraph 0021, 
the term "PRDX5" is used to denote an activity similar to the activity by the amino acid 
sequence of SEQ ID NO: 2". Accordingly, the mouse and rat sequences (SEQ ID NOS: 4 and 6) 
having greater than 95% homology with SEQ ID NO: 2, and designated as PRDX5 sequences 
have similar activity to SEQ ID NO: 2. As discussed above, alignment of these three sequences 
indicates 12 residues that are not identical. Accordingly, one skilled in the art would know that 
modification at these sites could be made with retention of biological activity. 

On page 7, first sentence, the Examiner states that "it is known that autoimmune 

osteoarthritis is model dependent" and implies that intracerebral administration to a mouse pup is 

an inappropriate model for autoimmune osteoarthritis. However, this statement is made without 

any supporting evidence and so may be set aside. As set forth in a letter to the Examining Corps 

dated February 21, 2002 (see Attachment B), 

It would not be appropriate for the examiner to take official notice of facts without citing a 
prior art reference where the facts asserted to be well known are not capable of instant and 
unquestionable demonstration as being well-known . For example, assertions of technical facts in 
the areas of esoteric technology or specific knowledge of the prior art must always be supported 
by citation to some reference work recognized as standard in the pertinent art. (In re Ahiert, 424 
F.2d at 1091, 165 USPQ at 420-21. See also In re Grose, 592 F.2d 1161,1 167-68, 201 USPQ 57, 
63 (CCPA 1979) ("[w]hen the PTO seeks to rely upon a chemical theory, in establishing a prima 
facie case of obviousness, it must provide evidentiary support for the existence and meaning of 
that theory."); In re Eynde, 480 F.2d 1364, 1370, 178 USPQ 470, 474 (CCPA 1973) ("we reject 
the notion that judicial or administrative notice may be taken of the state of the art. The facts 
constituting the state of the art are normally subject to the possibility of rational disagreement 
among reasonable men and are not amenable to the taking of such notice."). 
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The Examiner states that the specification does not teach a possible reductant or electron 
donor which should be included in the claimed pharmaceutical formulation (Office Action, page 
7, first paragraph). In response, without acquiescing to the Examiner's position, Applicants have 
deleted this language from claim 6. New claim 15 is added which specifically recites DTT which 
is supported in the specification at paragraph 0138. 

Regarding claim 5, the Examiner states that the claim is not enabled for the open 
language as recited. In response, without acquiescing to the Examiner's position, Applicants 
have amended claim 5 to recite closed language, copying the language provided by the Examiner 
on page 4, item 10, lines 3-13, which the Examiner has indicated is enabled. 

In view of Applicants' amendments and arguments, reconsideration and withdrawal of 
the above ground of rejection is respectfully requested. 
Rejection under 35 U.S.C. § 112, first paragraph 

Claims 1-6 and 12 are rejected under 35 U.S.C. § 1 12, first paragraph as containing 
subject matter that was not described in the specification in such a way as to reasonably convey 
to one skilled in the relevant art that the inventor(s) had possession of the claimed invention at 
the time that the application was filed. 

This ground of rejection has been addressed above and the comments made above are 
incorporated herein by reference. The claims are now limited to SEQ ID NO: 2, the specific 
subsequences listed in claim 5, and sequences which have 95% homology with SEQ ID NO: 2. 
SEQ ID NO: 2 and the specific subsequences of claim 5 are described in the present 
specification. Regarding support for sequences having 95% homology with SEQ ID NO: 2, such 
support is found in Figure 5, which shows SEQ ID NOS: 4 and 6 having at least 95% homology 
with SEQ ID NO: 2. 

In view of Applicants' amendments and arguments, reconsideration and withdrawal of 
the above ground of rejection is respectfully requested. 
Rejection under 35 U.S.C. S 112, second paragraph 

Claim 6 is rejected under 35 U.S.C. § 1 12, second paragraph as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 
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The word "possibly" has been deleted from claim 6. Accordingly, this ground of 
rejection may be withdrawn. 
Rejection under 35 U.S.C. 8 102(e) 

Claims 1-6 and 12 are rejected under 35 U.S.C. § 102(e) as being anticipated by US 
Patent No. 6,197,543. 

Applicants note that this reference was also cited in the parent application, U.S. 
Application No. 09/486,167. As set forth in the response of December 18, 2002 in that 
application, the present application claims priority to Belgium application no. 9700692 
(Attachment C), filed August 20, 1997, which predates the filing date of the '543 patent that was 
filed on October 28, 1997. SEQ ID NO: 2 is entitled to the August 20, 1997 priority date, and 
thus U.S. 6,197,543 cannot be considered as prior art. 

Specifically, in Figure 5, Belgian application 9700692 discloses the amino acid sequence 
of SEQ ID NO: 2 (designated in the text also as SEQ ID NO: 1). On page 5, line 22 to page 6, 
line 4, Belgian application 9700692 refers to homologues of at least 70%, preferentially more 
than 85% and even more preferentially over 95% homology with the amino acid sequence of 
Figure 5. Moreover, Belgian application 9700692 relates to fragments thereof. 

With respect to claim 5, this ground of rejection is also addressed by amendment, the 
'543 patent does not disclose the specific subsequences of claim 5. 

In view of Applicants' amendments, arguments and resubmission of a copy of Belgium 
application no. 9700692, reconsideration and withdrawal of the above ground of rejection is 
respectfully requested. 

CONCLUSION 

In view of Applicants' amendments to the claims and the foregoing Remarks, it is 
respectfully submitted that the present application is in condition for allowance. Should the 
Examiner have any remaining concerns which might prevent the prompt allowance of the 
application, the Examiner is respectfully invited to contact the undersigned at the telephone 
number appearing below. 
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Abstract Reactive oxygen species (ROS) are implicated in the 
pathogenesis of osteoarthritis (OA). However, little is known 
about the antioxidant defence system in articular cartilage. 
We investigated the expression and regulation of peroxiredoxin 
5 (PRDX5), a newly discovered thioredoxin peroxidase, in hu- 
man normal and osteoarthritic cartilage. Our results show that 
human cartilage constitutively expresses PRDX5. Moreover, the 
expression is up-regulated in OA. Inflammatory cytokines tu- 
mour necrosis factor a and interleukin 1 P contribute to this up- 
regulation by increasing intracellular ROS production. The 
present study suggests that PRDX5 may play a protective 
role against oxidative stress in human cartilage. 
© 2002 Published by Elsevier Science B.V. on behalf of the 
Federation of European Biochemical Societies. 

Key words: Osteoarthritis; Peroxiredoxin 5; Oxidative stress; 
Reactive oxygen species; Articular cartilage; Antioxidant 



1. Introduction 

Osteoarthritis (OA) is the most common form of arthritis 
and is characterised by chronic pain and significant disability. 
Although the aetiology of OA is multifactorial, the key patho- 
logical feature of OA is articular cartilage degradation [1]. The 
pathological processes of cartilage degradation, including the 
molecular processes that impair cartilage homeostasis, are still 
largely unknown. 

Several studies have demonstrated that chondrocytes are 
able to generate reactive oxygen species (ROS) under certain 
conditions [2-4]. The over-production of ROS molecules in- 
cluding superoxide (0' 2 ~), hydrogen peroxide (H 2 0 2 ), hydrox- 
yl radicals (*OH) and nitric oxide (NO*) may contribute to the 
degradation of cartilage matrix. ROS can inhibit proteoglycan 
and hyaluronic acid syntheses [5], fragment hyaluronan [6] 
and enhance matrix protein degradation [7]. ROS also dam- 
age cell membranes [8] and induce apoptosis of synoviocytes 
[9]. Although there is information regarding the pathological 
role of ROS in cartilage degeneration, little is known, about 
the antioxidant defence system and particularly about any 
ROS scavengers in articular cartilage. The redox status of 
human chondrocytes in OA is also largely undetermined. 



♦Corresponding author. Fax: (61)-2-93503967. 
E-mail address: admin@ori.org.au (G.A.C. Murrell). 

Abbreviations: OA, osteoarthritis; PRDX5, peroxiredoxin 5; ROS, 
reaciive oxygen species 



To prevent toxicity by ROS, mammalian cells possess a 
well-coordinated antioxidant enzyme system. Examples of 
antioxidant enzymes that have been well characterised are 
the superoxide dismutases (SOD) which catalyse superoxide 
to H2O2 [10]. SOD play a critical but limited role in detoxify- 
ing ROS, as H2O2 can cause oxidative stress if the levels of 
the H2O2 detoxification enzymes are insufficient or depleted. 
Catalase and glutathione peroxidases are widely investigated 
H202-scavenging enzymes. Recently, a novel family of perox- 
idases, the peroxiredoxins (PRDX), was identified in many 
living organisms. Six isoforms of PRDX have been identified 
in mammals [11-13], all of which participate directly in elim- 
inating H2O2 and neutralising other oxidising chemicals [14]. 
A study on the crystal structure of human peroxiredoxin 5 
(PRDX5), also known as PrxV/AOEB166/PMP20/ARCl 
[12,15-17], suggested that PRDX5 may have a broader activ- 
ity against ROS compared with other isoforms of PRDX and 
other antioxidant enzymes [18]. We have previously shown 
that the expression of PRDX5 is up-regulated in degenerative 
human tendon [19]. The expression of this enzyme in human 
cartilage, particularly in osteoarthritic cartilage, has not been 
investigated. 

To understand better the mechanisms by which human 
chondrocytes are protected against oxidative stress, we inves- 
tigated the expression of PRDX5 in normal and osteoarthritic 
human cartilage, and investigated the regulation of PRDX5 
expression in human chondrocytes. We were particularly in- 
terested in determining if inflammatory cytokines play any 
role in the regulation of PRDX 5 expression. 

2. Materials and methods 

2.1. Tissue collection and culture 

Human tissue collection in this study was approved by the South 
Eastern Sydney Area Health Service Ethics Committee, Australia. 
Human osteoarthritic cartilage (n = 4) was removed from knee joints 
of patients with OA undergoing total knee-replacement surgery. Sig- 
nificant OA was identified by preoperative radiography. Normal hu- 
man cartilage (n = 4) was removed immediately adjacent to the inser- 
tion site of supraspinatus tendon as part of the surgical procedure to 
reattach the tendon to bone. Significant OA was excluded by plain 
anterior-posterior and lateral radiographs of the shoulder, and by 
arthroscopic examination of the glenohumeral joint prior to open 
rotator culf repair. 

For RNA and protein extraction, cartilage tissues were snap-frozen 
in liquid nitrogen upon collection and stored at — 80°C until RNA 
extraction and tissue homogenisation were performed. For tissue cul- 
ture, cartilage explant discs were made using a 4-mm-diameter dispos- 
able biopsy punch (SMS Inc., Columbia, MD, USA) with an average 
thickness of 2 mm. Three discs were placed in each well of 24-well 
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plates (1 ml final volume). Chondrocytes were isolated from cartilage 
by collagenase digestion [20] and plated in 25-cm 2 flasks (5X10 5 ) 
containing Dulbecco's modified essential medium (DMEM) supple- 
mented with 10% foetal bovine serum. Primary chondrocyte mono- 
layer cultures and cartilage explants were incubated at 37°C in a 5% 
CO2 humidified atmosphere. Culture medium was replaced with se- 
rum-free DMEM for all experiments. 

To mimic in vivo pathological conditions, tumour necrosis factor a 
(TNFa) 100 ng/ml, and interteukin 1 P (1L-1P) 10 ng/ml (R&D Sys- 
tem, Minneapolis, MN, USA) were added to explant and chondrocyte 
cultures. Catalase (500 U/ml) (Sigma, St. Louis, MO, USA) was used 
as an H 2 0 2 scavenger and added to chondrocyte culture 2 h before 
TNFa stimulation. Tissue and cells were harvested at 3, 6, 12, 24 and 
48 h after the addition of TNFa or TL-lp for total RNA extraction, 
protein preparation and intracellular H2O2 determination. 

2.2. Northern blotting 

Total RNA was isolated from human chondrocytes using Trizol 
reagent (Life Technologies, Melbourne, Australia) following the man- 
ufacturer's instructions. Denatured RNA samples (20 fig) were frac- 
tionated by electrophoresis in a denaturing 1% (w/v) agarose gel, 
transferred to a GeneScreen Plus nylon membrane (NEN Life Science 
Products, Boston, MA, USA), cross-linked using an ultraviolet cross- 
linker (Ultra-Lum, Carson, CA, USA), and hybridised with 32 P-la- 
belled human PRDX5 cDNA probe. The blots were subsequently 
stripped and reprobed with 32 P-labelled human P-actin cDNA. All 
probes were radiolabeled by random priming (Promega, Sydney, 
Australia). 

2.3. Western blotting 

Human cartilage tissue was ground to a fine powder in liquid nitro- 
gen using a mortar and pestle, and homogenised in five volumes of 
Tris-HCl buffer (pH 7.4) containing a protease inhibitor cocktail 
(2 ug/ml leupeptin, 5 ug/ml pepstatin A, 2 mg/ml of ethylenediamine 
tetraacetic acid (EDTA)-Na 2 , 500 ug/ml AEBSF and 1 ug/ml E-64) 
(Sigma). Chondrocyte lysate was prepared by sonication in the same 
homogenisation buffer. Proteins in the tissue homogenates or cell 
lysate were denatured by boiling for 5 min in 2% (w/v) sodium do- 
decyl sulfate (SDS) sample buffer and fractionated by electrophoresis 
on 12.5% (w/v) SDS-polyacryiamide gel. The fractionated proteins 
were electrophoretically transferred to a polyvinylidene difluoride 
membrane, and the blots were blocked with 5% (w/v) non-fat dry 
milk TTBS solution containing 25 mM Tris, pH 7.5, 150 mM 
NaCl, 0.05% (w/v) Tween 20. After washing in TTBS, the blots 
were incubated for 1 h with polyclonal anti-PRDX5 antibody [19] 
at 1 :2000 dilution, followed by horseradish peroxidase-conjugated 
anti-rabbit secondary antibodies (Chemicon, Melbourne, Australia). 
Immunoreactive bands were detected by enhanced chemiluminescence 
reagents (Pierce, Rockford, IL, USA). The membranes were stripped 
with Restore Western Blot Stripping Buffer (Pierce) and reprobed 
using a rabbit anti-human actin antibody (Sigma) as a house-keeping 
control. The net intensity of the PRDX5 band was analysed by Bio- 
Rad Quantity One image quantification system (Bio-Rad, Hercules, 
CA, USA). PRDX5 protein level was expressed by the ratio of the net 
intensity of the PRDX5 band to actin band of the same sample. 

2.4. Intracellular H2O2 assay 

Intracellular H 2 0 2 generation was assessed in chondrocytes by a 
flow cytometric technique based on the methods of Sattler et al. 
[21], in which 2',7'-dichloro-fluorescin-diacetate (DCF-DA) (Sigma) 
was used. DCF-DA is a cell-permeable dye commonly used to mon- 
itor intracellular changes in ROS (more specifically for H 2 0 2 ). DCF- 
DA readily diffuses into cells where it is hydrolyzed to the non-fluo- 
rescent derivative 2',7'-dichloro-fluorescin (DCF) and is trapped with- 
in the cells. DCF becomes highly fluorescent when oxidised by either 
H 2 0 2 or superoxide. Cellular fluorescence intensity is directly propor- 
tional to the level of intracellular H 2 0 2 produced by the cells and can 
be monitored by flow cytometry. Chondrocytes were freed from cul- 
ture flasks by trypsin-EDTA. Cells (10 6 ) were incubated with 5 uM of 
DCF-DA for 5 min at 37°C and subsequently washed twice in cold 
phosphate-buffered saline before analysis by a flow cytometer (FAC- 
Sort, Becton Dickinson System, San Jose, CA, USA) with Cell Quest 
Software (Becton Dickinson). The fluorescence of oxidised DCF was 
measured with an excitation wavelength of 488 nm and emission 
wavelength of 525 nm. Mean fluorescence intensity (MFI) for 10000 
cells was recorded for each sample. Fluorescence relative variance 



(FRV) was calculated for each sample (S) compared with control 
(C; loaded celts without TNFa treatment)": FRV = [(MFl (S) - 
MFI (C ))/MFI (C ). 

2.5. Statistical analysis 

Comparison of PRDX5 expression in normal and osteoarthritic 
cartilage was made by Mann-Whitney Rank Sum Test using Sigma- 
Stat (Jandel Scientific, San Rafael, CA, USA). A P value < 0.05 was 
considered statistically significant. 

3. Results 

3.1. PRDX5 protein is constitutively expressed in human 
cartilage and up-regulated in osteoarthritic cartilage 

A rabbit antibody was raised against recombinant human 
PRDX5 [19]. With this antibody, PRDX5 protein expression 
was readily detected by Western blot of cartilage tissue homo- 
genates (Fig. 1). To semi-quantify the PRDX5 protein expres- 
sion in both normal and osteoarthritic cartilage, all blots were 
reprobed with an anti-actin antibody and the results were ex- 
pressed as a density ratio of PRDX5: actin. It was observed 
that osteoarthritic cartilage had more fibrin tissue and less 
cellularity than normal cartilage. Even if the same amount 
of total protein were loaded for Western blotting, one would 
expect less cellular protein in osteoarthritic cartilage than in 
normal cartilage. Therefore, the normalisation of PRDX5 
protein with actin is important for the semi-quantification. 
Fig. 1 shows a significantly higher PRDX5 protein level in 
osteoarthritic cartilage than in normal cartilage, suggesting 
an up-regulation of PRDX5 in OA. 

3.2. PRDX5 expression is regulated by inflammatory cytokines 
To explore the mechanisms by which the PRDX5 expres- 
sion in human chondrocytes is regulated, we introduce inflam- 
matory cytokines to the cartilage explant culture and primary 
chondrocyte culture, as cytokines have been shown to be im- 
plicated in OA. As shown in Fig. 2, TNFa and IL-ip up- 
regulated PRDX5 protein expression in the cartilage explant 
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Fig. 1. Expression of PRDX5 protein in human articular cartilage. 
A: PRDX5 protein bands (upper panel) and actin bands (lower 
panel) detected by Western blotting in normal (N) and osteoarthritic 
cartilage (OA). B: Comparison of PRDX5 protein levels in normal 
and osteoarthritic cartilage (n = 4) by densitometry analysis. PRDX5 
protein level was expressed by the ratio of the net intensity of the 
PRDX5 band to the actin band of the same sample. Bars represent 
meantS.E.M. T<0.05 OA vs normal. 
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Fig. 2. Effects of TNFa and IL-lp on PRDX5 protein expression in 
human articular cartilage explant culture. Cartilage explants from 
OA patients were precultured with TNFa (100 ng/ml; panel A) or 
IL-lp (10 ng/ml; panel B) for the indicated times, and subject to 
Western blot analysis using anti-PRDX5 and anti-actin antibodies 
as described in Section 2.3. 



culture 24 h after the cytokine challenge. At 48 h, the PRDX5 
protein levels decreased to near baseline in TNFa-treated car- 
tilage and below baseline in IL-lp-treated cartilage. A similar 
phenomenon was observed in primary chondrocyte culture 
(Fig. 3). Both PRDX5 mRNA and protein expression started 
to increase 3 h after TNFa stimulation, and reached their 
peak levels at 12 and 24 h. The protein level returned to base- 
line at 48 h, while the mRNA level remained high. 

3.3. H2O2 might be an important mediator for the PRDX5 
up-regulation in human chondrocytes 
Cytokines can induce intracellular H 2 0 2 production in 
chondrocytes. We hypothesised that the increased PRDX5 
expression in stimulated chondrocytes was a cellular response 
to intracellular flux of H 2 0 2 . To test this hypothesis, intra- 
cellular H 2 0 2 induction was measured using a flow cytometric 
technique. Catalase was introduced to the chondrocyte culture 
system to test if scavenging H 2 0 2 would affect the PRDX5 
expression level. As shown in Fig. 4A, the intracellular H 2 0 2 
level in cultured human chondrocytes started to rise 3 h after 
a TNFa challenge, reached its peak at 6 h, and started to 
decline at 12 h when the PRDX5 protein expression reached 
its peak (Fig. 4B). The addition of catalase to the chondrocyte 
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Fig. 3. Effects of TNFa on PRDX5 mRNA and protein expression 
in cultured human articular cartilage chondrocytes. Chondrocytes 
isolated from OA cartilage were precultured with TNFa (100 ng/ml) 
for the indicated times. A: PRDX5 mRNA was detected by North- 
ern blot analysis. B: PRDX5 protein expression was analysed by 
Western blot. 
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Fig. 4. Effect of catalase and/or TNFa on chondrocyte H 2 0 2 pro- 
duction and PRDX5 protein expression. A: Flow cytometric analy- 
sis of intracellular H 2 0 2 production by chondrocytes treated with 
TNFa (100 ng/ml) or TNFa+catalase (500 U/ml) for the indicated 
times. Catalase was added to culture 2 h before the addition of 
TNFa. B: Western blot analysis of PRDX5 protein from chondro- 
cytes treated as above. Results were representatives of three separate 
experiments using chondrocytes isolated from three OA cartilages. 



culture prior to exposure to TNFa significantly inhibited 
TNFa-induced intracellular H 2 0 2 production (Fig. 4A), as 
well as the enhanced PRDX5 protein expression (Fig. 4B, at 
12 and 24 h), suggesting that H 2 0 2 might be an important 
mediator for the cytokine-induced PRDX5 up-regulation in 
human chondrocytes. 

4. Discussion 

Articular chondrocytes, embedded in an avascular matrix, 
are exposed to a low partial oxygen pressure and exhibit a 
predominantly anaerobic metabolism [22]. Accordingly, the 
ROS defence mechanisms in articular chondrocytes are gen- 
erally weak and chondrocytes are susceptible to attacks by 
ROS. However, chondrocytes have the potential to increase 
their antioxidant status. Previous studies on chondrocytes 
antioxidant mechanisms have shown that human chondro- 
cytes constitutively express SOD and catalase [23]. Our study 
provides the first evidence that human chondrocytes also ex- 
press PRDX5 and the expression is significantly higher in 
osteoarthritic cartilage compared with normal cartilage. 

To explore the regulatory mechanisms of the PRDX5 ex- 
pression, we introduced the inflammatory cytokines TNFa 
and IL-lp to cartilage explant cultures and primary chondro- 
cyte cultures, as these cytokines have been shown to stimulate 
chondrocyte ROS production [3,24] and to be implicated in 
OA [25]. Our results demonstrate that IL-lp and TNFa are 
important modulators of PRDX5 up-regulation. During the 
time course observation of PRDX5 expression, we noted a 
discrepancy between the PRDX5 mRNA and the protein lev- 
els in TNFa challenged chondrocytes. Indeed, the PRDX5 
protein level returned to baseline 48 h after TNFa stimula- 
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tion, while the mRNA level remained high (Fig. 3). This may 
be due to a translational block for the synthesis of PRDX5 
protein, which may have happened 48 h after initial PRDX5 
up-regulation as a feed-back protection mechanism, as phys- 
iological levels of ROS are essential for many biochemical 
processes, including signal transduction [26], cell differentia- 
tion and immunity [27]. Translational regulation has been 
reported in many mammalian cells and is believed to be re- 
sponsible for the discrepancy between mRNA and protein 
levels [28,29], More experiments are necessary to define the 
translational regulation PRDX5 protein in human chondro- 
cytes. 

The pathways by which PRDX5 is up-regulated in OA are 
not yet known. It is possible that the up-regulation of PRDX5 
is a response to increased levels of ROS in OA, as there is 
increasing evidence showing that over-production of ROS is 
implicated in the pathogenesis of OA [4,7,30,31]. Our study 
has shown that a TNFcc/IL- 1(3 challenge significantly increases 
intracellular H 2 0 2 production, followed by enhanced PRDX5 
expression. When the H 2 0 2 scavenger catalase was introduced 
into the primary chondrocyte culture, intracellular H 2 0 2 was 
inhibited and this was accompanied by the inhibition of 
PRDX5 protein expression, suggesting that H 2 0 2 might be 
an important mediator for the cytokine-induced PRDX5 up- 
regulation. 

The significantly increased expression of PRDX5 in OA 
may act as a protection to cartilage against ROS-induced oxi- 
dative damage. Increased SOD activity has been reported in 
OA [32]. Dismutation of the anion superoxide to H 2 0 2 by 
SOD is a well-described defence mechanism against oxidative 
stress at the cellular level. However, reduction of H 2 0 2 by the 
Fenton reaction to the highly toxic hydroxyl radical can be, in 
some circumstances, even more harmful to the cell. H 2 0 2 
detoxifying enzymes, including PRDX5, can metabolise and 
eliminate H 2 0 2 , partially avoiding the conversion of H 2 0? to 
hydroxyl radical. Among the H 2 0 2 detoxifying enzymes, cat- 
alase is known to be present only in peroxisomes [33]; gluta- 
thione peroxidase is restricted to the mitochondrial intermem- 
brane space in very limited amounts [34]; PRDX5, however, is 
present in a broader range of intracellular locations, including 
mitochondria, peroxisomes and cytosol [12]. The functional 
significance of PRDX5 localisation in organelles needs further 
investigation. 

In conclusion, our study has demonstrated that the antioxi- 
dant enzyme PRDX5 is constitutively expressed in human 
chondrocytes. The expression is up-regulated in OA. Inflam- 
matory cytokines TNFa and IL-ip may be responsible for 
this up-regulation via the stimulation of intracellular H 2 0 2 
production. PRDX5 may play a protective role against oxi- 
dative stress involved in the pathogenesis of OA, and may 
have therapeutic value in the prevention and treatment of OA. 
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Abstract— The pathophysiology of brain lesions associated with cerebral palsy is multifactorial and likely involves 
excess release of glutamate and excess production of free radicals, among other factors. Theoretically, antioxidants 
could limit the severity of these brain lesions. Peroxiredoxins are a family of peroxidases widely distributed in 
eukaryotes and prokaryotes. Peroxiredoxin 5 (PRDX5) is a recently discovered mammalian member of this family of 
antioxidant enzymes that is able to reduce hydrogen peroxide and alkyl hydroperoxides. The present study was designed 
to examine the neuroprotective effects of recombinant PRDX5 against neonatal excitotoxic challenge in both in vivo and 
in vitro experiments. For in vivo experiments, mice (postnatal day 5) were injected intraneopallially with ibotenate 
acting on NMDA and metabotropic receptors, or S-bromowillardiine acting on AMPA-kainate receptors to produce 
excitotoxic stress and brain lesions. Systemically administered recombinant PRDX5 provided protection against 
ibotenate-induced excitotoxic stress. Brain lesions of animals given ibotenate and PRDX5 were up to 63% smaller than 
that given ibotenate alone. However, PRDX5 provided no prevention from lesions induced with S-bromowillardiine. A 
mutated recombinant PRDX5 that is devoid of peroxidase activity was also tested and showed no protection against 
lesions induced by either ibotenate or S-bromowillardiine. Two classical antioxidants, N-acetylcysteine and catalase- 
PEG, provided the same neuroprotective effect as PRDX5. For in vitro experiments, neocortical neurons were exposed 
to 300 /xM NMDA alone, NMDA plus recombinant PRDX5, or NMDA, recombinant PRDX5 and dithiothreitol, a 
classical electron donor for peroxiredoxins. Recombinant PRDX5 plus dithiothreitol displayed a synergistic neuropro- 
tective effect on NMDA-induced neuronal death. These findings indicate that reactive oxygen species production 
participates in the formation of NMDA receptor-mediated brain lesions in newborn mice and that antioxidant 
compounds, such as PRDX5, provide some neuroprotection in these models. © 2003 Elsevier Science Inc. 

Keywords— Peroxiredoxin, Catalase, Cerebral palsy, Glutamate, Neuronal cell death, N-acetylcysteine, Neuroprotec- 
tion, TV-methyl -D-aspartate, Free radicals 



INTRODUCTION 

Injury to the perinatal brain is a leading cause of death and 
disability in children. While survival of very preterm infants 
has improved in the last decades, neurological handicap of 
perinatal origin (cerebral palsy) has not decreased in West- 
em countries and may be increasing in some countries [1]. 
At the present time, there are no therapeutic regimens that 
can successfully treat injury to the developing brain. Much- 
needed research is required to assist affected children with 
reduced lifetime potential, families with emotional and fi- 
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nancial burdens, and societies with staggering demands for 
resources to care for these children. 

Periventricular leukomalacia (PVL) is the largest 
cause of cerebral palsy in preterm infants [1,2]. PVL 
consists of focal necrosis of periventricular white matter, 
which is often cystic. Recent studies have shown that 
PVL is often associated with gray matter abnormalities, 
including reduced cortical and hippocampal volume [3,4] 
and abnormal neuronal circuits [5]. Full-term human neo- 
nates with perinatal encephalopathy generally develop gray 
matter damage that most frequently affects the neocortex, 
the basal ganglia, and the hippocampus [6]. 

In recent years, the causes of CNS injury in human 
neonates have been considered to be multifactorial [7,8]. 
Many preconceptional, prenatal, and perinatal factors are 
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thought to cause injury to the developing brain, such as 
hypoxic-ischemic insults, endocrine imbalances, genetic 
factors, growth-factor deficiency, abnormal competition 
for growth factors, maternal infection yielding excess 
cytokines, and exposure to other proinflammatory 
agents. Several of these risk factors may share the same 
molecular pathways, such as excess release of excitatory 
amino acids and excess reactive oxygen species (ROS) 
production [9-12]. 

Research has shown that intracerebral injection of 
glutamate analogs in newborn rodents produces striatal, 
cortical plate, and cystic periventricular white matter 
lesions that mimic those observed in human neonates 
[13-20]. Excess activation of glutamate channel recep- 
tors on neurons induces a massive calcium influx, which 
leads to complex cellular changes. This is referred to as 
the excitotoxic cascade and includes an excessive pro- 
duction of ROS [21]. Increased production of ROS is 
also observed during the reperfusion phase, which fol- 
lows a transient hypoxic-ischemic episode [22-25]. ROS 
causes cellular and tissue injury by damaging biologic 
macromolecules, including proteins, DNA, and lipids. 
Implication of ROS and reactive nitrogen species (RNS) 
in models of neonatal excitotoxic brain lesions is sup- 
ported by the neuroprotective effects of inhibitors of 
nitric oxide synthase and 8-alkylamino-l,4-benzoxazine 
antioxidants [26,27]. 

Peroxiredoxins constitute a novel family of peroxi- 
dases whose members were identified in several mam- 
malian species [28,29]. PRDX5, which is also called 
AOEB166/PrxV/PMP20/ACRl, is a recently cloned 
member of this family [30-34]. PRDX5 may be targeted 
intracellular^ to mitochondria, peroxisomes, and the cy- 
tosol. The protein was initially isolated from human 
bronchoalveolar lavage fluid [35]. It is widely expressed 
in various tissues constitutively and upregulated during 
inflammatory processes [30,36]. PRDX5 exhibits perox- 
idase activity [30]. The antioxidant properties of PRDX5 
are associated with peroxide reduction [30]. To our 
knowledge, neuroprotective properties of administered 
peroxiredoxins have not been evaluated to date. 

The goal of the present study is to assess the neuro- 
protective effects of PRDX5 using a well-defined mouse 
model of neonatal excitotoxic brain lesions, which mim- 
ics several aspects of brain damage associated with hu- 
man cerebral palsy. 

MATERIALS AND METHODS 

Animals and drugs 

Swiss mice of both sexes were used for this study. All 
experimental protocols and procedures, were approved 
by the Institut National de la Sante et de la Recherche 



Medicale (INSERM). Ibotenate (Tocris, Bristol, UK) 
was diluted in phosphate buffer saline (PBS) containing 
0.01% acetic acid. S-bromowillardiine (Tocris), recom- 
binant human PRDX5, mutated recombinant human 
PRDX5, catalase (Sigma, Saint Quentin Fallavier, 
France), catalase-polyethylene glycol (catalase-PEG; 
Sigma), polyethylene glycol (PEG; Sigma), and N-ace- 
tylcysteine (Sigma) were diluted in PBS. PEG in cata- 
lase-PEG allows an increase in the stability and brain 
penetration of catalase. 

Ibotenate activates jV-methyl-D-aspartate (NMDA) 
and metabotropic glutamatergic receptors while S-bro- 
mowillardiine activates both a-3-amino-hydroxy-5- 
methyl-4-isoxazole propionic acid (AMPA) and kainate 
receptors [26,37,38]. N-acetylcysteine, catalase, and 
catalase-PEG were used as reference antioxidant agents 
with hydrogen peroxide scavenging properties [39,40]. 

Expression and purification of recombinant human 
PRDX5 

Human PRDX5 cDNA [30] was amplified by PCR 
using forward primer 5'-GCTGCAGGATCCGC- 
CCC A ATC AAGGTGGG AG-3 ' (BamHl site underlined) 
and reverse primer 5'-GGCCCAAAGCTTCAGAGCT- 
GTG AG ATG AT A-3 ' (Hindlll site underlined). The PCR 
product was digested with BamHl and Hindlll and li- 
gated into the pQE-30 expression vector (Qiagen, Va- 
lencia, CA, USA). The insert was sequenced, and the 
N-terminal fusion with the hexahistidine (6xHis) tag was 
confirmed. The resulting vector was used to transform 
Escherichia coli strain Ml 5 (pRep4). E. coli was grown 
at 37°C in Luria Broth (LB) medium containing 1 mM 
isopropyl-/3-D-thiogalactoside. Pelleted cells were soni- 
cated and lysed in 10 mM imidazole, 50 mM phosphate, 
and 300 mM NaCl (pH 8) prior to centrifugation. The 
supernatant containing 6xHis-tagged PRDX5 was loaded 
onto a Ni 2+ -NTA column (Qiagen). The column was 
washed and the protein was eluted with 50 mM phos- 
phate, 300 mM NaCl, and 250 mM imidazole (pH 8). 
Eluted protein was then dialysed against PBS (pH 7.2). 
The mutated recombinant PRDX5, in which N-terminal 
catalytic Cys 47 [41] was replaced by a serine, was gen- 
erated by standard PCR-mediated site-directed mutagen- 
esis. Human PRDX5 cDNA cloned into pCR2. 1 [30] was 
served as the template, and complementary primers con- 
taining a single-base mismatch that converted the codon 
Cys47 to a codon for Ser were used. The PCR product 
was ligated into the pQE-30 vector for transformation 
and expression as previously described. 

The recombinant human PRDX5 used in this study 
corresponds to the 17 kDa PRDX5 identified in mam- 
malian tissues [31] and human bronchoalveolar lavage 
fluid [35]. It contains the last 161 amino acids of the 
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C-terminal part of the protein as well as an hexahistidine 
tag at the N-terminus. It also contains the predicted 
peroxisomal addressing sequence and its catalytic site, 
but lacks the N-terminal mitochondrial addressing se- 
quence [30]. The catalytic peroxidase activity of recom- 
binant PRDX5 and the lack of activity of mutated 
PRDX5 were verified. 

Excitotoxic brain lesions 

We induced excitotoxic brain lesions by injecting 
ibotenate (10 /xg) or S-bromowillardiine (15 jxg) into 
developing mouse brains, as described previously 
[13,15,16, 26,42-47]. Briefly, anesthetized mouse pups 
were kept under a warming lamp to maintain body tem- 
perature. They were injected intracerebrally (into the 
neopallial parenchyma) with ibotenate or S-bromowillar- 
diine on the fifth postnatal day (P5). Intracerebral injec- 
tions were performed with a 25 gauge needle on a 50 /til 
Hamilton syringe mounted on a calibrated microdis- 
penser. The needle was inserted 2 mm below the external 
surface of skin. The tip of the needle was placed in the 
frontoparietal area of the right hemisphere, 2 mm from 
the midline in the lateral-medial plane, and 3 mm from 
the bregma in the rostro-caudal plane. It was confirmed 
by histopathological observation that the tip of the needle 
always reached the periventricular white matter. Two 1 
fx\ boluses of ibotenate or S-bromowillardiine were in- 
jected at 20 s intervals. The needle was left in place for 
an additional 20 s. 

Experimental groups 

Pups from at least two different litters were used in 
each experimental group, and data were obtained from 
two or more successive experiments. 

In the first set of experiments designed to determine 
the neuroprotective action of PRDX5 against ibotenate- 
induced brain lesions (Figs. 1 and 2A), P5 pups received 
an intracerebral injection of ibotenate immediately fol- 
lowed by an intraperitoneal injection with recombinant 
PRDX5 (0. 1 , 1 , 1 0, or 20 mg/kg) or mutated recombinant 
PRDX5 (the dose of 10 mg/kg was used as 10 mg/kg 
recombinant PRDX5 yielded maximum neuroprotection) 
diluted to a final volume of 5 fil 

In the second set of experiments designed to deter- 
mine whether the neuroprotective effects of PRDX5 
could be obtained following delayed systemic injection 
(Fig. 2B), P5 pups received an intracerebral injection of 
ibotenate followed by intraperitoneal administration of 
PBS alone, or 10 mg/kg PRDX5 at three different times: 
immediately (TOh), 4 (T4h), or 8 (T8h) h after ibotenate 
injection. 

In the third series of experiments designed to compare 
the neuroprotective effects of reference antioxidant 




Fig. 1. Recombinant peroxiredoxin 5 (PRDX5) protects the newborn 
mouse brain against ibotenate-induced lesions. Cresyl violet-stained 
sections showing brain lesions induced by ibotenate injected at P5 and 
studied at the age of P.10. (A) Brain from pup cotreated with intrace- 
rebral ibotenate and intraperitoneal phosphate buffer saline, showing 
the typical neuronal loss in layers II— VI (arrow) and the white matter 
cystic lesion (CL). (B) Brain from pup cotreated with intracerebral 
ibotenate and intraperitoneal 10 mg/kg PRDX5. LV-Iateral ventricle. 
Bar: 40 /Am. 

agents with PRDX5 (Figs. 2C-E), P5 pups received an 
intraparenchymal injection of ibotenate followed by in- 
traperitoneal administration of one of the following 
drugs: catalase (6,000, 60,000, or 600,000 units/kg); 
catalase-PEG (6,000, 60,000, or 600,000 units/kg; 1 mg 
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Fig. 2. Recombinant peroxiredoxin 5 (PRDX5) and reference antioxidant agents protect against ibotenate-induced brain lesions but not 
against S-bromowiliardiine-induced lesions. (A) Effects of different doses of recombinant PRDX5 (PRDX) and recombinant mutated 
PRDX5 (mut PRDX) administered immediately after ibotenate on excitotoxic brain lesions. (B) Effects of delayed (time elapsed 
between ibotenate and PRDX5 injections is indicated on the x axis) administration of 10 mg/kg recombinant PRDX5 (PRDX) on 
ibotenate-induced lesions. (C) Effects of different doses of catalase (Cat) administered immediately after ibotenate on excitotoxic brain 
lesions. (D) Effects of different doses of catalase-polyethylene glycol (cat-PEG in U/kg) or of PEG (in mg/kg) administered 
immediately after ibotenate on excitotoxic brain lesions (E) Effects of different doses of N-acetylcysteine (NAC) administered 
immediately after ibotenate on excitotoxic brain lesions. (F) Effects of 10 mg/kg recombinant PRDX5 (PRDX), 250 mg/kg 
N-acetylcysteine (NAC) or 600,000 U/kg catalase-PEG (Cat-PEG) administered immediately after S-bromowillardiine on excitotoxic 
brain lesions. In all experiments, lesions were produced on P5 and analyzed on P10. Bars represent mean length of the lesions in the 
fronto-occipital axis ± SEM. Asterisks indicate difference from control (black bar); *p < .05, **p < .01, ***p < .001 in analysis of 
variance with Dunnet's multiple comparison test (A, D-F) or in contrasts (B). Numbers in brackets are the numbers of animals used 
in each experimental group. 
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= 40,000 units); PEG (15 mg/kg; this dose of PEG is 
equal to the amount of PEG present in the highest dose 
catalase-PEG); N-acetylcysteine (0.25, 2.5, 25, or 250 
mg/kg); or PBS alone. 

In the fourth set of experiments designed to determine 
the neuroprotective action of PRDX5 against S-bromow- 
illardiine-induced brain lesions (Fig. 2F), P5 pups re- 
ceived an intracerebral injection of S-bromowillardiine 
immediately followed by an intraperitoneal injection 
with one of the following drugs diluted to a final volume 
of 5 jutl: recombinant PRDX5 (10 mg/kg); catalase-PEG 
(600,000 units/kg); N-acetylcysteine (250 mg/kg); or 
PBS alone. 

Determination of lesion size 

Mouse pups were sacrificed by decapitation 5 days 
after the excitotoxic challenge. Brains were fixed imme- 
diately in 4% formalin and remained in this solution for 
5 days. Following paraffin embedding, we cut 16 pun 
thick coronal sections. Every third section was stained 
with cresyl-violet. The size of neocortical and white 
matter lesions can be defined by the length on three 
orthogonal axes: the lateral-medial axis (in a coronal 
plane), the radial axis (also in a coronal plane, from the 
pial surface to the lateral ventricle), and the fronto- 
occipital axis (in a sagittal plane). In previous studies 
[13,15,47], we found an excellent correlation among the 
measurements from the three axes of the excitotoxic 
lesions. Based on these findings, we cut serial sections of 
the entire brain in the coronal plane for this study. This 
permitted an accurate and reproducible determination of 
the sagittal fronto-occipital diameter (which is equal to 
the number of sections where the lesion was present 
multiplied by 16 jim). We used this measure as an index 
of the volume of the lesion. Numbers of brains analyzed 
in each experimental group are given in Fig. 2. 

Determination of in vivo cell death 

Pups were sacrificed at either 8 and 48 h after receiv- 
ing intracerebral injections of ibotenate plus intraperito- 
neal injection of 10 mg/kg recombinant PRDX5 or ibo- 
tenate plus PBS. The brains were fixed in formalin and 
embedded in paraffin. Every third section was stained 
with cresyl violet. Sections adjacent to the most affected 
areas were selected for terminal transferase-mediated 
dUTP nick end labeling (Tunel), using an in situ cell 
death detection kit (Roche, Meylan, France) (Figs. 3A- 
B). Deparaffinized sections were treated with 20 mg/ml 
proteinase K for 20 min at 37°C and incubated for 2 min 
on ice with 0. 1% Triton X-100. DNA strand breaks were 
identified by labeling of free 3'-OH termini with terminal 
deoxynucleotidyl transferase and fluorescein-labeled nu- 
cleotides. This procedure was run at 37°C for 60 min. 




+ 8h +48h +8h ♦ 48 h 



Cortex White matter 

Fig. 3. Recombinant peroxiredoxin 5 (PRDX5) prevents ibotenate- 
induced neural cell death. (A,B) Terminal transferase-mediated dUTP 
end labeling (Tunel) stained sections showing cell death induced by 
ibotenate phosphate buffer saline (PBS). (A) or ibotenate 10 mg/kg 
recombinant PRDX5 (B) injected on P5 and studied on P6. PRDX- 
recombinant PRDX5; CL-cystic lesion in the white matter. Bar: 50 /xm. 
(C) Quantitative analysis of Tunel-stained nuclei in the cortical plate 
and white matter lesions produced by ibotenate injection on P5 and 
studied 8 or 48 h later. Bars represent means ± SEM. Asterisks indicate 
difference from PBS group (*p < .05 in Student's /-test). 
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Incorporated nucleotides were detected using an anti- 
fluorescein antibody conjugated with alkaline phospha- 
tase, and nitroblue tetrazolium and 5-bromo-4-chloro-3- 
indolyl phosphate toluidonium salt as the substrates. 
Tunel-positive cells were counted in a 0.25 mm 2 area in 
the neocortical layers and underlying white matter at the 
level of ibotenate-induced lesions (Fig. 3C). Ten nonad- 
jacent fields (separated by at least 50 /xm to avoid count- 
ing the same nucleus twice) from five brains were stud- 
ied in each group. 

Primary cultures of neurons 

Pregnant El 4.5 mice were sacrificed using general 
anesthesia. Primary cultures of embryonic cortical neu- 
rons were prepared as described previously [48]. Briefly, 
the embryos were harvested, the brains removed, and the 
cortex dissociated both mechanically and chemically. 
Neurons were plated in 35 mm culture dishes previously 
coated with poly-DL-ornithine (30 /xg/ml, Sigma) in Neu- 
robasal supplemented with 2 mM glutamine and B27 
(Life Technologies, Cergy Pontoise, France). They were 
plated at a density of 8.10 5 cells/dish. Under these con- 
ditions, the neurons can survive and differentiate in the 
absence of an astroglial feeding layer. The cultures were 
maintained at 37°C in a humidified 95% air-5% C0 2 
atmosphere. To inhibit proliferation of non-neuronal 
cells, 5 yM cytosine arabinoside (Sigma) was added 
after 3-6 days incubation. The mean astroglial cell den- 
sity in mature cultures was very low (<5%). Only ma- 
ture cultures (10-12 days incubation) were used for in 
vitro excitotoxic challenge. 

In vitro excitotoxic challenge and determination of 
neuronal cell death 

Neurons were incubated with 300 /xM NMDA for 60 
min in the presence of one of the following drugs or 
combination of drugs: 0.1, 1.0, 10, or 100 /iM recombi- 
nant PRDX5; 10 jxM dithiothreitol (DTT; Sigma); 10 
jjlM recombinant PRDX5 + 10 /iM DTT; or medium 
alone (control). DTT is not only a reductant, but it is also 
a nonphysiological electron donor for PRDX5 [30]. After 
replacing the medium, the neurons were incubated for an 
additional 8 h in the presence of drugs. Cells were then 
fixed in 4% paraformaldehyde and stained with bis- 
benzimide (Hoechst 33452, 10 /xg/ml; Sigma), which 
labels nuclear chromatin. An observer who was blinded 
to treatment condition counted the nuclei featuring de- 
layed cell death (e.g., pycnosis or chromatin condensa- 
tion or fragmentation) (Fig. 4). Cell counting was done 
with a fluorescent microscope (UV-2A filter, excitation 
370 nm, emission >400 nm; Zeiss, Oberkochen, Germa- 
ny). Six to nine plates were used for each experimental 
group. The observer examined four to eight fields per 



A 

150 




>< 



Fig. 4. Recombinant peroxiredoxin 5 (PRDX5) reduces in vitro exci- 
totoxic neuronal death and this effect is potentiated by dithiothreitol. 
(A) Effect of different concentrations of recombinant PRDX5 (PRDX) 
on /V-methyl-D-aspartate (NMDA)-induced (300 /J.M) in vitro neuronal 
cell death. (B) Effect of 10 /llM recombinant PRDX5 (PRDX) alone or 
in conjunction with dithiothreitol (DTT) on NMDA-induced (300 jiM) 
in vitro neuronal cell death. Quantitative analysis of cells showing 
apoptotic features (pycnotic nucleus) after staining with Bis-benzimide 
(Hoechst 33258). Number of pycnotic nuclei was divided by the total 
cell number and, for each experimental group, this ratio was normal- 
ized to ratio obtained in controls. Results are shown as means ± SEM. 
Asterisks indicate statistically significant differences between controls 
(phosphate buffer saline group) and experimental groups (*p < 0.05, 
**p < 0.01, ***p < .001 in analysis of variance with Dunnett's 
multiple comparison test). 

plate, which contained 40-70 neurons. For each field, the 
ratio between the number of pycnotic nuclei and the total 
number of nuclei was calculated and used as an index of 
neuronal death. To take into account variation in cell 
viability across cultures, this ratio was normalized to the 
ratio obtained in control cultures exposed to NMDA 
alone (i.e., without recombinant PRDX5 or DTT), taken 
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Fig. 5. Exogenous recombinant peroxiredoxin 5 (PRDX5) is detected in cultured neurons. Immunodetection of PRDX5 in neuronal 
cultures. Immunoreactivity for PRDX5 in neuronal cell cultures incubated during 30 min with 100 jaM recombinant PRDX5 (A-l) or 
phosphate buffer saline (B-l). In (A-l); a cell showing a typical neuronal phenotype and incubated with recombinant PRDX5 is 
intensely labeled (arrow). (A-2) and (B-2) 4 \6-diamidino-2' phenyl indole (DAPI) staining for nuclear visualization of cells immuno- 
stained in (A-l) and (B-l); respectively. Bar: 20 fun. 



as 1 00% excitotoxicity . Two to three plates were used for 
each experimental condition. Each experiment was per- 
formed at least twice. 

Immunostaining for PRDX5 on cultured neurons 

For immunostaining experiments, embryonic cortical 
neurons were cultured on coverslips. The cells were 
incubated with 100 /xM recombinant PRDX5 or PBS for 
0.5, 1, 2, 3, 6, or 8 h, rinsed with PBS, and fixed with 
formalin-PBS (30 min). For immunostaining (Fig. 5), 
treated cells were rinsed three times with Tris-buffered 
solution (0.05 M, pH 7.6) containing 0.9% NaCl and 
0. 1 % Triton X-100 (TBS-T), and immersed for 30 min in 
TBS-T containing 10% nonfat milk. Coverslips were 
then incubated overnight with rabbit antihuman PRDX5 
diluted 1:200 in TBS-T containing 1% nonfat milk [36], 
followed by an incubation with fluorescein isothiocya- 
nate conjugated donkey antirabbit IgG (Jackson Immu- 
noresearch Laboratories Inc., West Grove, PA, USA) 
diluted 1/20 in TBS-T for 1 h. After each incubation, 
cells were washed twice for 10 min with TBST-T. The 



coverslips were mounted in Mowiol containing antifad- 
ing reagent [l,4-diazabicyclo(2.2.2)octane, 25 mg/ml; 
Sigma] and 4\6-diamidino-2'phenylindole (DAPI) (50 
/xg/ml; Roche, Basel, Switzerland) for nuclear staining. 
The coverslips were examined for fluorescein and DAPI 
by fluorescence microscopy with standard filters. 

Statistical analysis 

All variables were found normally distributed based 
on Skewness and Kurtosis analyses [49]. Most data were 
analyzed with a Student's Mest or a univariate analysis 
of variance (ANOVA) (GraphPad Prism version 3.03 for 
Windows, GraphPad Software). When significant differ- 
ence was found among multiple experimental groups 
using ANOVA, multiple comparisons of treated groups 
against control (PBS) group were performed using Dun- 
nett's post-hoc test [50]. In the subset of experiments 
where lesion size was evaluated at different time points 
after ibotenate injection, we used ANOVA with Treat- 
ment and Postinjection delay (Postinjection delay is de- 
fined as the time elapsed between injection and death) as 
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between-subject factors. When Postinjection delay by 
Treatment interaction was significant, we conducted 
comparisons between treated groups and control (PBS) 
group using Dunnett's post-hoc test. 

RESULTS 

Clinical manifestations and mortality 

Overall, the mortality rate was low (<3%) in pups ' 
receiving intracerebral ibotenate or S-bromowillardiine 
injections. All death occurred within the first 48 h fol- 
lowing the excitotoxic challenge, not permitting to in- 
clude these brains in the histological analysis. All pups 
injected with ibotenate or S-bromowillardiine displayed 
tonic-clonic convulsions within the first 24 h following 
the excitotoxic challenge. Intraperitoneal administration 
of PRDX5, catalase, catalase-PEG, or N-acetylcysteine 
did not modify the mortality rate significantly (<3% in 
all experimental groups) nor did it alter the incidence, 
severity, or phenotype of convulsions. 

Excitotoxic lesions and neuroprotection of recombinant 
PRDX5 

Pups injected intracerebral ly with ibotenate and intra- 
peritoneally with PBS on P5 developed cortical lesions 
and periventricular white matter cysts (Figs. 1 A and 2 A). 
The cortical lesion was typical, with severe neuronal loss 
in all neocortical layers and almost complete disappear- 
ance of neuronal cell bodies along the axis of ibotenate 
injection. 

Intraperitoneal administration of recombinant PRDX5 
immediately after ibotenate produced a dose-dependent 
U-shaped protective effect against the ibotenate-induced 
cortical plate and white matter lesions (Figs. IB and 2 A). 
In contrast, mutated recombinant PRDX5 had no detect- 
able protective effect against ibotenate-induced lesions 
(Fig. 2A). When intraperitoneal injection of recombinant 
PRDX5 followed the excitotoxic challenge, the neuro- 
protective effect was also a function of time. Protection 
of the cortical plate was observed in groups receiving 
recombinant PRDX5 immediately after ibotenate while 
white matter protection was observed in groups receiving 
recombinant PRDX5 within the first 4 hours after ibote- 
nate administration (Fig. 2B). 

Administration of intracerebral ibotenate and intra- 
peritoneal catalase-PEG or N-acetylcysteine mimicked 
the neuroprotective effects of recombinant PRDX5 
against excitotoxic brain lesions (Figs. 2C-E). However, 
administration of catalase provided no detectable protec- 
tion. 

As noted previously [16,26], intracerebral injection of 
S-bromowillardiine also produced cortical plate lesions 
and periventricular white matter cysts (Fig. 2F). Intra- 



peritoneal administration of recombinant PRDX5, cata- 
lase-PEG, or N-acetylcysteine had no detectable protec- 
tive effect on S-bromowillardiine-induced brain lesions 
(Fig. 2F). 

Effects of recombinant PRDX5 on excitotoxic neuronal 
cell death 

Tunel staining performed at 8 and 48 h after ibotenate 
injection showed that recombinant PRDX5 caused a sig- 
nificant reduction in cortical plate lesions (at both studied 
time points) and white matter cell death (at 48 h posti- 
botenate) (Fig. 3). 

Effects of recombinant PRDX5 on in vitro neuronal 
cell death 

When compared to cultures treated with PBS (con- 
trols), exposure to recombinant PRDX5 resulted in a 
moderate but significant reduction in NMDA-induced 
neuronal cell death (Fig. 4A). Interestingly, the addition 
of equimolar recombinant PRDX5 and DTT (an electron 
donor) led to a larger reduction in NMDA-induced neu- 
ronal cell death compared to the addition of PRDX5 or 
DTT alone (Fig. 4B). 

Localization of administered recombinant PRDX5 in 
neuronal cultures 

A rabbit polyclonal antibody directed to PRDX5 was 
used to localize recombinant PRDX5 in neuronal cul- 
tures. Immunoreactivity was intense in cells incubated 
with recombinant PRDX5 for 30 min to 8 h (Fig. 5A-1), 
and weak in cells treated with PBS only (Fig. 5B-1). 
Immunoreactivity in PBS-treated cells reflected endoge- 
nous PRDX5. In cultures treated with PRDX5, cells with 
neuronal phenotype showed the most intense labeling. 
However, it should be noted that not all cells were 
immunoreactive (Fig. 5A). 

DISCUSSION 

The present study provides experimental evidence 
that recombinant PRDX5 prevents excitotoxic lesions in 
the developing brain. In this mouse model, PRDX5 had 
a dose-dependent effect on the protection of the devel- 
oping cortical plate and white matter against ibotenate 
but not against S-bromowillardiine. Similar neuroprotec- 
tive effects were provided by catalase-PEG and N-ace- 
tylcysteine, two classical antioxidants. 

Although ibotenate and S-bromowillardiine injections 
in newborn mice produce similar neuropatho logical pat- 
terns of brain lesions, the cellular and molecular mech- 
anisms involved are quite distinct. As previously men- 
tioned, ibotenate is a NMDA and metabotropic receptor 
agonist, while S-bromowillardiine activates AMPA-kai- 
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nate receptors [26,37,38]. Moreover, ibotenate injection 
leads to an early white matter microglial activation ac- 
companied by an astrocytic cell death [16] while AMPA 
receptor activation induces an early white matter oligo- 
dendrocyte cell death [20]. Proinflammatory cytokines, 
such as interleukin-l-/3, greatly exacerbate ibotenate- 
induced brain lesions, but have very limited effects on 
S-bromowillardiine-induced brain lesions [44] (Gressens 
P, unpublished results). Several neuroprotective drugs, 
including melatonin and brain-derived neurotrophic fac- 
tor, have been shown to have very different protective 
effects against ibotenate and S-bromowillardiine insults 
[47]. 

The lack of neuroprotective effects from PRDX5, 
catalase-PEG, and acetylcysteine against S-bromowillar- 
diine-induced brain lesions found in the present study 
does not necessarily mean that free radicals are not 
produced in excess following AMPA or AMPA-kainate 
receptor overactivation. We have demonstrated in previ- 
ous experiments using this murine model that 8-alky- 
lamino-l,4-benzoxazine antioxidant provides neuropro- 
tection against S-bromowillardiine-induced lesions [26]. 
Furthermore, cells of the oligodendrocyte lineage are 
exquisitely sensitive to oxidative stress [51-53]. Putting 
it together, these data from the newborn mouse brain 
model suggest that hydrogen peroxide could be a major 
reactive species produced after NMDA receptor activa- 
tion while other ROS may be more predominant after 
AMPA-kainate receptor activation. Further studies, per- 
haps incorporating dialysis [54,55], would be useful to 
confirm this hypothesis. 

In primary cultures of cortical neurons, PRDX5 re- 
quired the presence of DTT to exert a neuroprotective 
effect. DTT is not only a reductant, but also a nonphysi- 
ological electron donor for PRDX5. This finding from 
the present study supports previous in vitro data [30]. In 
contrast, in vivo experiments, PRDX5 was neuroprotec- 
tive even in the absence of exogenous administration of 
DTT suggesting that either in situ neurons or neighbor- 
ing cells, like astrocytes, are able to provide physiolog- 
ical electron donors for PRDX5 such as thioredoxin. 

PRDX5 was initially isolated from broncho-alveolar 
extracellular fluid from patients with lung inflammation 
[35]. This finding suggests that PRDX5 might exert some 
of its antioxidant properties in the extracellular milieu. 
On the other hand, PRDX5 has peroxisomal and mito- 
chondrial sorting signals. Previous in vitro studies have 
shown colocalization of PRDX5 with peroxisomal and 
mitochondrial proteins [30], suggesting a potential intra- 
cellular antioxidant role of PRDX5 in these organelles. 
In the present study, exogenously administered recom- 
binant PRDX5 may have been able to quench extracel- 
lular free radicals at the site of ibotenate-induced brain 
lesions. The fact that we could detect exogenous PRDX5 



in cultured neurons suggests that, at least in cell culture, 
extracellular PRDX5 is able to penetrate into some neu- 
rons. Further studies using confocal microscopy to de- 
termine the in vitro and in vivo subcellular localization 
of exogenous PRDX5 will be necessary to further eluci- 
date this issue. It would also be interesting to produce 
and examine the full recombinant molecule, including 
the mitochondrial sorting signal, since mitochondria 
have been shown to be a major intracellular source of 
ROS, especially in pathological conditions [56-58]. 

Preterm neonates have a high susceptibility to oxida- 
tive stress for two reasons, (i) They are exposed to 
several pro-oxidant conditions, including brain reperfu- 
sion following hypoxic-ischemic insult, as well as high 
concentrations of inhaled oxygen and exogenous iron 
[59]. (ii) They have low levels of endogenous antioxidant 
molecules [60,61]. Several studies have found low levels 
of glutathione peroxidase, superoxide dismutase, vitamin 
E, and ceruloplasmin in neonatal plasma [62,63]. Fur- 
thermore, human preterm infants have a deficiency in 
cord blood superoxide dismutase and gluathione perox- 
idase [64]. To our knowledge, endogenous levels of 
peroxiredoxins, which could represent an additional line 
of intrinsic defence against oxidative stress, have not 
been evaluated in human newborns. 

The present study demonstrates that recombinant 
PRDX5 is protective against excitotoxic murine brain 
lesions that are similar to damage seen in human cerebral 
palsy. PRDX5 may also be protective in other neurode- 
generative conditions associated with oxidative stress, 
especially if related to NMDA receptor-mediated exci- 
totoxicity. 
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AMP A — a-3-amino-hydroxy-5-methyl-4-isoxazole pro- 
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CNS — central nervous system 
DTT — dithiothreitol 
NMDA — Af-methyl-D-aspartate 
PBS — phosphate buffer saline 
PCR — polymerase chain reaction 
PEG — polyethylene glycol 
PRDX5 — peroxiredoxin 5 
PVL — periventricular leukomalacia 
RNS — reactive nitrogen species 
ROS — reactive oxygen species 
TUNEL — terminal transferase-mediated dUTP 
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Procedures for Relying on Facts Which are Not of Record as 
Common Knowledge or for Taking Official Notice 

This memorandum clarifies the circumstances in which it is appropriate to take official 
notice of facts not in the record or to rely on "common knowledge" in making a rejection. 

Recent court decisions have affected the Office's practice of taking official notice of facts by 
relying on common knowledge in the art without a reference. Specifically, the Supreme Court 
recently changed the standard of review applied to decisions of the Board of Patent Appeals and 
Interferences and the Trademark Trial and Appeal Board on appeal to the U.S. Court of Appeals for 
the Federal Circuit. Dickinson v. Zurko, 527 U.S. 150, 50 USPQ2d 1930 (1999). As a result, the 
Federal Circuit now reviews findings of fact under the "substantial evidence" standard under the 
Administrative Procedure Act (APA), rather than the former "clearly erroneous" standard. In re 
Gartside, 203 F.3d 1305, 1315, 53 USPQ2d 1769, 1775 (Fed. Cir. 2000). 1 This change in the 
review standard has affected the Federal Circuit's view of when the court or the USPTO may take 
notice of facts without specific documentary evidence support. 2 

On remand from the Supreme Court, the Federal Circuit in In re Zurko, 258 F.3d 1379, 59 
USPQ2d 1693 (Fed. Cir. 2001), reversed the Board's decision upholding a rejection under 35 
U.S.C. 103 for lack of substantial evidence. Specifically, in Zurko and other recent decisions, the 
court criticized the USPTO's reliance on "basic knowledge" or "common sense" to support an 
obviousness rejection, where there was no evidentiary support in the record for such a finding. 3 In 
light of the recent Federal Circuit decisions and the substantial evidence standard of review now 
applied to USPTO Board decisions, the following guidance is provided in order to assist the 
examiners in determining when it is appropriate to take official notice of facts without 




Date: 
To: 

From: 

Subject: 



UNITED STATES PATENT AND TRADEMARK OFFICE 



supporting documentary evidence or to rely on common knowledge in the art in making a rejection, and 
if such official notice is taken, what evidence is necessary to support the examiner's conclusion of 
common knowledge in the art. 

(1) Determine when it is appropriate to take official notice without documentary evidence to support the 
examiner's conclusion. 

Official notice without documentary evidence to support an examiner's conclusion is permissible 
only in some circumstances. While "official notice" may be relied on, as noted in MPEP § 2144.03, 
these circumstances should be rare when an application is under final rejection or action under 37 CFR 
1.113. Official notice unsupported by documentary evidence should only be taken by the examiner 
where the facts asserted to be well-known, or to be common knowledge in the art are capable of instant 
and unquestionable demonstration as being well-known 4 In appropriate circumstances, it might not be 
unreasonable to take official notice of the fact that it is desirable to make something faster, cheaper, 
better, or stronger without the specific support of documentary evidence. Furthermore, it might.not be 
unreasonable for the examiner in a first Office action to take official notice of facts by asserting that 
certain limitations in a dependent claim are old and well known expedients in the art without the support 
of documentary evidence provided the facts so noticed are of notorious character and serve only to "fill 
in the gaps " which might exist in the evidentiary showing made by the examiner to support a particular 
ground of rejection. 5 

It would not be appropriate for the examiner to take official notice of facts without citing a prior art 
reference where the facts asserted to be well known are not capable of instant and unquestionable 
demonstration as being well-known . For example, assertions of technical facts in the areas of esoteric 
technology or specific knowledge of the prior art must always be supported by citation to some 
reference work recognized as standard in the pertinent art. 6 

It is never appropriate to rely solely on "common knowledge" in the art without evidentiary support 
in the record, as the principal evidence upon which a rejection was based. 7 As the court held in Zurko, 
an assessment of basic knowledge and common sense that is not based on any evidence in the record 

Q 

lacks substantial evidence support. 

(2) If official notice is taken of a fact, unsupported by documentary evidence, the technical line of 
reasoning underlying a decision to take such notice must be clear and unmistakable. 

Ordinarily, there must be some form of evidence in the record to support an assertion of common 
knowledge. 9 In certain older cases, official notice has been taken of a fact that is asserted to be 
"common knowledge" without specific reliance on documentary evidence where the fact noticed was 
readily verifiable, such as when other references of record supported the noticed fact, or where there 
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was nothing of record to contradict it. 10 If such notice is taken, the basis for such reasoning must be set 
forth explicitly. The examiner must provide specific factual findings predicated on sound technical and 
scientific reasoning to support his or her conclusion of common knowledge. 11 The applicant should be 
presented with the explicit basis on which the examiner regards the matter as subject to official notice 
and be allowed to challenge the assertion in the next reply after the Office action in which the common 
knowledge statement was made. 

(3) If applicant challenges a factual assertion as not properly officially noticed or not properly based 
upon common knowledge, the examiner must support the finding with adequate evidence. 

To adequately traverse such a finding, an applicant must specifically point out the supposed errors 
in the examiner's action, which would include stating why the noticed fact is not considered to be 
common knowledge or well-known in the art. 12 A general allegation that the claims define a patentable 
invention without any reference to the examiner's assertion of official notice would be inadequate. If 
applicant adequately traverses the examiner's assertion of official notice, the examiner must provide 
documentary evidence in the next Office action if the rejection is to be maintained. 13 If the examiner is 
relying on personal knowledge to support the finding of what is known in the art, the examiner must 
provide an affidavit or declaration setting forth specific factual statements and explanation to support 
the finding. See 37 CFR 1 . 104(d)(2). 

If applicant does not traverse the examiner's assertion of official notice or applicant's traverse is not 
adequate, the examiner should clearly indicate in the next Office action that the common knowledge or 
well-known in the art statement is taken to be admitted prior art because applicant either failed to 
traverse the examiner's assertion of official notice or that the traverse was inadequate. If the traverse 
was inadequate, the examiner should include an explanation as to why it was inadequate. 

(4) Determine whether the next Office action should be made final. 

If the examiner adds a reference in the next Office action after applicant's rebuttal, and the newly 
cited reference is added only as directly corresponding evidence to support the prior common 
knowledge finding, and it does not result in a new issue or constitute a new ground of rejection, the 
Office action may be made final. If no amendments are made to the claims, the examiner must not rely 
on any other teachings in the reference if the rejection is made final. If the newly cited reference is 
added for reasons other than to support the prior common knowledge statement and a new ground of 
rejection is introduced by the examiner that is not necessitated by applicant's amendment of the claims, 
the rejection may not be made final. See MPEP § 706.07(a). 

(5) Summary. 
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Any rejection based on assertions that a fact is well-known or is common knowledge in the art 
without documentary evidence to support the examiner's conclusion should be judiciously applied. 
Furthermore, as noted by the court in Ahiert, any facts so noticed should be of notorious character and 
serve only to "fill in the gaps" in an insubstantial manner which might exist in the evidentiary showing 
made by the examiner to support a particular ground for rejection. It is never appropriate to rely solely 
on common knowledge in the art without evidentiary support in the record as the principal evidence 
upon which a rejection was based. 14 

MPEP § 2144.03 will be revised accordingly in the upcoming revision to be consistent with this 
memo. 



Cc: Nicholas Godici 
Esther Kepplinger 
Kay Kim 
David Lacey 

1 The Supreme Court has described substantial evidence review in the following manner: 

Substantial evidence is more than a mere scintilla. It means such relevant evidence as a reasonable mind might 
accept as adequate to support a conclusion.. .Mere uncorroborated hearsay or rumor does not constitute substantial 
evidence. 

Consolidated Edison Co. v. NLRB, 305 U.S. 197, 229-30 (1938)(quoted in Gartside, 203 F.3d at 1312, 53 USPQ2d at 1773). 
"'Substantial evidence' review involves examination of the record as a whole, taking into account evidence that both justifies 
and detracts from an agency's decision." Gartside, 203 F.3d at 1312, 53 USPQ2d at 1773 (citing Universal Camera Corp. v. 
NLRB, 340 U.S. 474, 487-88 (1951);. Furthermore, the Supreme Court has also recognized that "the possibility of drawing 
two inconsistent conclusions from the evidence does not prevent an administrative agency's finding from being supported by 
substantial evidence." Consolo v. Federal Maritime Comm % 383 U.S. 607, 620 (1966) (quoted in Gartside, 203 F.3d at 
1312, 53 USPQ2datl773). 

2 See Packard Press, Inc. v. Hewlett-Packard Co., 227 F.3d 1352, 1360, 56 USPQ2d 1351, 1356 (Fed. Cir. 
2000) (questioning authority to take judicial notice for the first time on appeal in light of the APA standard of review 
establishe,d by Dickinson v. Zurko, 527 U.S. at 165, 50 USPQ2d at 1937). Although the substantial evidence standard is 
deferential to the agency's decision, it imposes certain evidentiary requirements that must be met by the agency in 
formulating a decision. The Federal Circuit explained that "[i]n appeals from the Board, we have before us a comprehensive 
record that contains the arguments and evidence presented by the parties, including all of the relevant information upon 
which the board relied in rendering its decision." Gartside, 203 F.3d at 1314, 53 USPQ2d at 1774. Furthermore, the record is 
"closed, in that the Board's decision must be justified within the four corners of that record." Id Thus, the record before the 
USPTO "dictates the parameters of review" available to the court. Id. Accordingly, "the Board's opinion must explicate its 
factual conclusions, enabling [the court} to verify readily whether those conclusions are indeed supported by 'substantial 
evidence' contained within the record." A/ (citing Gechter v. Davidson, 1 16 F.3d 1454, 1460, 43 USPQ2d 1030, 1035 (Fed. 
Cir. 1997)). 

3 Zurko, 258 F.3d at 1385, 59 USPQ2d 1697 ("the Board cannot simply reach conclusion based on its own understanding or 
experience — or on its assessment of what would be basic knowledge or common sense. Rather, the Board must point to some 
concrete evidence in the record in support of these findings."). See also In re Lee, _F.3d_ , 61USPQ2d 1430, 1434 (Fed. 
Cir. 2002) (The Board determined that it was not necessary to present a source of a teaching, suggestion, or motivation to 
combine the references because the conclusion of obviousness may be made from common knowledge and common sense of 
a person of ordinary skill in the art. The court reversed the Board's decision in sustaining a rejection under 35 U.S.C. 103 
and stated that "common knowledge and common sense' on which the Board relied in rejecting Lee's application are not the 
specialized knowledge and expertise contemplated by the Administrative Procedure Act. Conclusory statements such as 



those here provided do not fulfill the agency's obligation.. .The board cannot rely on conclusory statements when dealing 
with particular combinations of prior art and specific claims, but must set forth the rationale on which it relies"). 

4 As noted by the court in In reAhlert, 424 F.2d 1088, 1091, 165 USPQ 418, 420 (CCPA 1970), the notice of facts beyond 
the record which may be taken by the examiner must be "capable of such instant and unquestionable demonstration as to 
defy dispute" (citing In re Knapp Monarch Co., 296 F.2d 230, 132 USPQ 6 (CCPA 1961)). In Ahlert, the COUlt held that 
the Board properly took judicial notice that "it is old to adjust intensity of a flame in accordance with the heat requirement" 
See also In re Fox, 471, F.2d 1405, 1407, 176 USPQ 340, 341 (CCPA 1973) (the court took "judicial notice of the fact that 
tape recorders commonly erase tape automatically when new 'audio information' is recorded on a tape which already has a 
recording on it"). 

5 Zurko, 258 F.3d at 1385, 59 USPQ2d at 1697; In reAhlert, 424 F.2d at 1092, 165 USPQ at 421. 

6 In re Ahiert, 424 F.2d at 1091, 165 USPQ at 420-21. See also In re Grose, 592 F.2d 1161,1 167-68, 201 USPQ 57, 63 
(CCPA 1979) ("[w]hen the PTO seeks to rely upon a chemical theory, in establishing a prima facie case of obviousness, it 
must provide evidentiary support for the existence and meaning of that theory."); In re Eynde, 480 F.2d 1364, 1370, 178 
USPQ 470, 474 (CCPA 1973) ("we reject the notion that judicial or administrative notice may be taken of the state of the art. 
The . facts constituting the state of the art are normally subject to the possibility of rational disagreement among reasonable 
men and are not amenable to the taking of such notice."). 

7 Zurko, 258 F.3d at 1385, 59 USPQ2d at 1697. While the court explained that, "as an administrative tribunal the Board 
clearly has expertise in the subject matter over which it exercises jurisdication," it make clear that such "expertise may 
provide sufficient support for conclusions [only] as to peripheral issue." Id at 13 85-86, 59 USPQ2d at 1697. 

8 Zurko, 258 F.3d at 1385, 59 USPQ2d at 1697. See also In re Lee, _F.3d at -61 USPQ2d at 1435. 

9 See In re Lee, _F.3d _at_, 61 USPQ2d 1434-35; In re Zurko, 258 F.3d at 1386, 59 USPQ2d at 1697 (holding that general 
conclusions concerning what is "basic knowledge" or "common sense" to one of ordinary skill in the art without specific 
factual findings and some concrete evidence in the record to support these findings will not support an obviousness 
rejection). 

10 See In re Soli, 317 F.2d 941, 945-46, 137 USPQ 797, 800 (CCPA 1963) (the court accepted the examiner's assertion that 
the use of "a control is standard procedure throughout the entire field of bacteriology" because it was readily verifiable and 
disclosed in references of record not cited by the Office); In re Chevenard, 139 F.2d 711, 713, 60 USPQ 239, 241 (CCPA- 
1943) (accepting examiner's finding that a brief heating at a higher temperature was the equivalent of a longer heating at a 
lower temperature where there was nothing in the record to indicate the contrary and where the applicant never demanded 
that the examiner produce evidence to support his statement). 

11 See Soli, 317 F.2d at 946, 37 USPQ at 801; Chevenard, 139 F.2d at 713, 60 USPQ at 241. 

12 See37CFR 1.11 1(b). See also Chevenard, 139 F.2d at 713, 60 USPQ at 241 ("[I]n the absence of any demand by 
appellant for the examiner to produce authority for his statement, we will not consider this contention."). 

I3 . See 37 CFR 1.104(c)(2). See also Zurko, 258 F.3d at 1386, 59 USPQ2d at 1697 ("the Board [or examiner] must point to 
some concrete evidence in the record in support of these findings" to satisfy the substantial evidence test). 
14 See Zurko, 258 F.3d at 1386, 59 USPQ2d at 1697; Ahlert, 424 F.2d at 1092, 165 USPQ 421 . 
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L* Ministra des Affaires Economiquas, 



Vu la loi du 28 Mars 1984 sur les brevets d' invention, notamment 1'article 22; 

Vu 1* arrete royal du 2 Decembre 1986 relatlf a la demande. a la delivrance et 
au maintien en vigueur des brevets d invention, notanment 1 article 28; 

Vu le proces verbal dresse le 20 Adut 1997 a 15H20 a 1 'Office de la 

Propriete Industrielle 



ARRETE : 
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un brevet d 1 invention d' une duree de 6 ans. sous reserve du paiement des taxes 
annuel les, pour : POLYPEPTIDE ASSOCIE AU PEROXYSOME, SEQUENCE NUCLEOTIDIOUE ENCODANT 



ARTICLE 2.- Ce brevet est delivre iiu exaaen prealable de la brevetabilite 
de 1 invention, sans garantie du nerite de l r invention ou de 1' exactitude de 
la description de celle-ci et aux risques et perils du(des) denandeurs(s) 



Bruxelles, le 06 Juillet 1999 
PAR DELEGATION SPECIALE : 



1 



POLYPEPTIDE ASSOCIE AU PEROXYSOME, SEQUENCE NUCLEOTTDTQ TTff 
10 ENCODANT LED IT POLYPEPTIDE ET LEUR UTILISATION DANS LE 

DIAGNOSTIC ET/OU LE TRAITEMENT DE MALADIES OU DE LESIONS 

PULMONAIRES 

Obiet de 1' invention 
15 La presente invention est relative a un 

nouveau polypeptide associe au peroxysome, la sequence 
nucleotidique encodant ledit polypeptide et les fractions 
de 'celle-ci ainsi que leur utilisation pour le diagnostic 
et/ou le traitement de maladies ou de lesions pulmonaires. 

20 

Arriere-plan technologioue a la base de 1' invention 

Les peroxysomes, egalement denommes 

"microbodies" , sont des organites intracellulaires qui 
different des mitochondries et des chloroplastes presents 

25 dans les cellules eukaryotes. Ces organites ne comprennent 
ni genome, ni ribosomes # mais contiennent certaines enzymes 
essentielles a differents processus cataboliques et 
anaboliques. Certaines de ces enzymes sont exprimees de 
maniere continuelle tandis que d'autres sont induites dans 

30 certaines conditions appropriees. 

Les peroxysomes effectuent un certain nombre 
de reactions essentielles telles que l'oxydation et la 
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respiration peroxysomale, la £-oxydation des acides gras, 
le metabolisme du cholesterol et du dolichol, la synthese 
des ethers phospholipides , le metabolisme du glyoxylate et 
le metabolisme de l'acide pipecolique. 
5 Le metabolisme de l f oxydation peroxysomale 

comprend la formation de peroxyde d'hydrogene par un 
certain nombre d 'oxydases et sa decomposition par une 
catalase. 

Ces reactions sont responsables de la 
10 consommation de 20% de l'oxygene dans le f oie . Differentes 
oxydases ont ete identifiees dans les peroxysomes. 
L 1 elimination d'ethanol via la catalase dans le peroxysome 
et les processus d'oxydation via une dehydrogenase 
semblent etre egalement des processus biochimiques 
15 important s . 

Le systeme de S-oxydation peroxysomale 
catalyse la fi-oxydation des chaines courtes d'un certain 
nombre de derives d» acides gras qui ne peuvent etre traites 
par les mitochondries . Celle-ci inclut I'oxydation des tres 
20 longues chaines d 1 acides gras, des acides di- ou 
trihydroxycholestanoiques, de I'acide pristanique, des 
longues chaines d'acide dicarboxylique, de certaines 
prostaglandins, de certaines leukotrienes , des acides 12- 
et 15-hydroxyeicosat6tra6onique, ainsi que de certains 
25 acides mono- et polyineatures . Le dosage des trois premiers 
composants est correle au diagnostic direct de certains 
desordres peroxysomaux. 

Le peroxysome joue egalement un role 
essentiel dans la synthese du cholesterol et d'autres 
30 isoprenoides . Les fibroblastes de patients affectes par un 
desordre de la biogendse du peroxysome montrent une 
capacite inadequate a synthetiser le cholesterol. 
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En outre, certains facteurs prolif eratif s de 
peroxysomes provoquent une augmentation de l 1 incidence des 
tumeurs du foie dans certaines especes. 

Differents mecanismes ont ete proposes pour 
5 la formation des hepato-carcinomes par des composants 
responsables de la proliferation peroxysomale, combinee a 
I'induction d'un stress oxydat if. 

Par consequent, 1 1 identification de nouvelles 
molecules associees aux peroxysomes est d'une grande 
10 importance pour developper des outils diagnostiques et 
eventuellement des applications therapeutiques dans le 
traitement de differentes maladies associees a des 
eventuelles deficiences de ces molecules. 

De meme, il est particulierement utile 
15 d' identifier d'autres molecules presentes au niveau de 
certains organes, en particulier le poumon, et d»etudier 

leur association avec certaines pathologies, en particulier 
* 

des maladies ou des lesions pulmonaires. 



20 Elements caracteristlgues de 1' invention 

Les Inventeurs ont identifie chez l f homme, 
dans un lavage alvSolaire des poumons, un nouveau 
polypeptide dont la sequence nucleotidique et en acides 
amines a ete caractSrisee . Ce nouveau polypeptide ou 
25 proteine a ete denommfi £rot6ine B18. 

Cette mol*cule presente certaines homologies 
avec des proteines peroxysomales de la levure et possede un 
tripeptide c a rboxy terminal SQL connu pour cibler et 
faciliter la translocatfbn de certaines proteines au niveau 
3 0 du peroxysome. 

L'objet de la presente invention est relatif 
a toute sequence d f acides nucleiques present ant plus de 
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70%, avantageusement plus de 85% , de preference plus de 95% 
d ! homologie avec la sequence SEQ ID NO 1 ou son brin 
complementaire decrits ci-apres. 

La presente invention concerne egalement la 
5 sequence nucleotidique SEQ ID NO 1, son brin complementaire 
ou des portions de ceux-ci (figure 5) . 

On entend par "portions de la sequence SEQ ID 
NO 1" , toute sequence nucleotidique de plus de 15 paires de 
base susceptible d' identifier ou reconstituer (de 

10 preference par amplification genet ique) la sequence SEQ ID 
NO 1. De telles methodes d 1 identification ou de 
reconstitution sont basees sur la technique d ' hybridation, 
de preference dans des conditions stringentes, par des 
sondes marquees (par un element radioactif, par une enzyme, 

15 par un marqueur fluorescent, etc.) ou sur la technique de 
1 •amplification genetique par I'emploi d'une ou plusieurs 
amorces specif iques d'au moins 15 nucleotides, permettant 
d" identifier la sequence SEQ ID NO 1 et/ou de la 
reconstituer par des techniques d' amplification genetique 

2 0 bien connues de I'homme de l'art, en particulier les 
technologies PCR, LCR, CPR, etc. 

Un autre aspect de la presente invention 
concerne la sequence d ! acides amines encodee par les 
sequences nucleotidiques telles que definies ci-dessus. 

2 5 La presente invention concerne egalement une 

sequence d'acides amines presentant plus de 70%, 
avantageusement plus de 85%, de preference plus de 95%, 
d'homologie avec la sequence SEQ ID NO 1 (figure 5) . 

Un autre aspect de la presente invention est 

30 relatif a un polypeptide dont la sequence d'acides amines 
est la sequence SEQ ID NO 1 ou une portion de celle-ci. 
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On entend par "portion de la sequence SEQ id 
NO 1", un fragment de la sequence SEQ ID NO 1 ayant subi 
une ou plusieurs deletions tout en conservant plus de 85%, 
de preference plus de 95%, de son activite biochimique. 
5 De preference, ladite sequence polypeptidique 

SEQ ID NO 1 possede un PI de 7.3 et un poids moleculaire de 
17000 D, tels que d£finis apres une electrophorese 
bidiraensionnelle . 

L 1 invention concerne £galement les anticorps, 
10 y compris des fragments de ceux-ci tels que les extremites 
hypervariables Fab, . . . , diriges contre la sequence 
nucleotidique et peptidique selon 1' invention. 

Un autre aspect de la presente invention 
concerne un dispositif de diagnostic tel qu'une trousse de 
15 diagnostic ou une colonne de chromatographic comprenant un 
element choisi parmi le groupe constitue par les sequences 
nucleotidiques, les sequences d'acides amines et/ou des 
fragments de celles-ci selon 1' invention et tels que 
definis ci-dessus. Ledit dispositif de diagnostic peut 
20 egalement comprendre un ou plusieurs reactif pour la 
detection et/ou le dosage de sequences nucleotidiques et/ou 
polypeptidiques basees eur les methodes choisies parmi le 
groupe constitue par 1 'hybridation in situ, 1 'hybridation 
et/ou la reconnaissance par anticorps marques, en 
25 particulier la technologie ELISA (Enzymes Linked Immuno- 
sorbent Assay) ou RIA (Radio Immuno Assay) , la detection 
sur filtre, sur support solide, en solution, en sandwich, 
en gel, par hybridation dot blot. Northern blot, Southern 
blot, marquage isotopique ou non isotopique (en particulier 
30 1» immunofluorescence ou la biotinilisation) , la technique 
d' amplification gene*tique, la technique de double 
immunodiffusion, la technique de contre-electrophorese, la 
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celles-ci) dans la composition pharmaceutique peut varier 
selon de tres larges gammes, uniquement limitees par la 
frequence d' administration, la tolerance et le niveau 
d' acceptation de la composition selon 1' invention par le 
5 patient. 

Un dernier aspect de la present e invention 
concerne 1 •utilisation du dispositif de diagnostic selon 
1' invention pour le diagnostic de maladies et/ou de lesions 
physiologiques chez l'homme ou 1' animal, en particulier 
10 pour le diagnostic de maladies et/ou de lesions 
pulmonaires . 

La presente invention concerne egalement 
1 'utilisation de la composition pharmaceutique selon 
1" invention pour la preparation d'un medicament destine au 
15 traitement et/ou £ la prevention de maladies et/ou de 
lesions physiologiques chez l'homme ou 1' animal, en 
particulier de maladies et/ou de lesions pulmonaires. 

La presente invention sera decrite en details 
dans les exemples suivants, en reference aux figures 
20 annexees . 



Breve description dea figures 

La figure 1 represente une analyse par Northern blot de 
la presence de l'ARN messager encodant le 
25 polypeptide selon 1' invention dans differents 

types de tissus humains. 
La figure 2 represente une analyse par Northern blot de 
la presence de l'ARN messager encodant le 
polypeptide selon 1' invention au niveau du 
30 poumon d'un rat apres administration de 

lipopolysaccharides (LPS) induisant une 
reaction inf lammatoire du poumon. 
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La figure 3 



La figure 4 



La figure 5 
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represente une analyse par Northern blot de 
la presence de l'ARN raessager encodant le 
polypeptide B18 selon 1* invention au niveau 
du poumon d'un rat apres une injection intra- 
peritoneal d 1 agents pneumotoxiques . 
represente 1 1 alignement de la sequence 
nucleotidique selon 1 ! invention avec une 
sequence nucleotidique connue (U82615) . 
represente la sequence nucleotidique SEQ ID 
NO 1 selon 1' invention. 



Exemple 1 : Homologie de la sequence SEQ ID NO 1 avec des 
sequences connues 

Le polypeptide B18 (figures 5 et 6) de 
15 1' invention a ete aligne avec des sequences homologues de 
proteines connues presentes dans les banques de donnees 
(GenBank, EMBL, DDBJ, PDB) ainsi qu 1 avec des sequences EST 
presentes dans GenBank. Ces resultats sont repris dans le 
tableau 1 ci-dessous. 
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Tableau 1 : Homologies entre la proteine B18 (162 acides 
amines ) et d'autres proteines 



Norn 


Code identification 
NCBI ID 


Identite 
(% d* homologie) 


Prot§ine de membrane 
(synechocystis sp.) 


1652859 


33/60 (55%) 
8/19 (42%) 
9/23 (39%) 


Lipomyces kononenkoae 
putative peroxisomal 
protein 


558080 


32/75 (42%) 
7/23 (30%) 
7/18 (43%) 
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Norn 


Code identification 
NCBI ID 


Identite 


Proteine hypothetique 
Haein HI0572 


1723174 


32/76 (42%) 
xu/zo iJotr; 


Non connu (Rhizobium 
sp. ) 


1486441 


31/61 (50%) 
8/20 (40%) 


Proteine A de la 
membrane peroxysomale 
(PMP20) 


130360 


29/69 (42%) 
8/14 (57%) 


Proteine D de la 
membrane peroxysomale 
(PMP2 0) 


130361 


30/82 (36%) 
8/14 (57%) 


Proteine peroxysomale 
PMP yeast putative 


17096A2 


12/33 (36%) 
8/28 (28%) 
7/11 (63%) 


Proteinp 

a 1 ky 1 hydrope r oxy de 
reductase 


1591451 


14/44 (38%) 
8/28 (28%) 



lie tableau 2 reprend les pourcentages 
d'homologie entre le cDNA de la proteine B18 (80S 
nucleotides) avec d'autres sequences nucleotidiques . 



Tableau 2 



Nom 


Numero d'acces 


Identite 


mRNA humain sous la 
regulatxon de cellules 
infectees par des adenovirus 
5 


U82616 


273/292 (93%) 


U82615 


129/136 (94%) 
99/108 (91%) 
74/105 (70%) 



La figure 4 represente l'alignement de la 
sequence nucleotidique du B18 et de la sequence 
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nucleotidique U82615 du tableau 2. 

Le listing ci-dessous reprend les sequences 
EST presentant une homologie avec le cDNA de la proteine 
5 B18 (805 nucleotides) . 

Humain : 

AA130751, N42215, W38597, N91311, N68467, AA187737, 
N68916, W00593, R88950, AA181884, H20154, H66666 
10 Souria : 

AA220019, AA123351, AA087129, AA255021, AA249897, W71344 
Exemple 2 

Une analyse par Northern blot dans 
15 differents tissus humains de 1 1 ARN messager encodant le 
polypeptide B18 humain selon I 1 invention et representee sur 
la figure 1 annexee donne une revelation particuliere au 
niveau du poumon. 

Cette analyse a ete obtenue a partir d'une 
20 trousse Multiple Tissues Northern Blot 0 (Clontech) , 
coraprenant approximativement 2 /ig d'une sequence poly- A et 
d ! un ARN humain dans chacune des lignes hybridees avec une 
sonde B18 de 554 paires de bases fixee et reportee avec une 
sonde de S-actine de 2 kb; toutes deux marquees a 1 1 element 

25 radioactif 32 P. 

L 1 analyse par Northern blot a ete determinee 
par Phosphorimaging Technology et les donnees relatives au 
mRNA du polypeptide B18 ont ete normalisees par rapport au 
niveau de mRNA de la S-actine. 

30 
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Exemple 3 

Une analyse par Northern blot du mRNA codant 
pour la proteine B18 du rat a ete analysee au niveau du 
poumon du rat apres 6, 4 8 et 72 heures suivant 
5 1- administration au rat de lipopolysaccharides (LPS) 
induisant une reaction inf lammatoire au niveau du poumon. 

Cette analyse a ete obtenue par Nothern Blot 
au moyen de 15 fig de RNA total hybride sur chaque bande 
avec une sonde de 225 paires de base encodant la proteine 
10 B18 du rat, fixee et reportee sur une sonde de 572 paires 
de base encodant la S-actine du rat; les deux sondes etant 
marquees a 1' element radioactif 32 P. 

L 1 analyse par Northern blot a etS quantified 
par Phosphorimaging Technology et les donnees relatives au 
15 mRNA encodant le polypeptide B18 ont ete normal isees par 
rapport au niveau de mRNA de la B-actine. 

La figure 2 indique que l'on peut utiliser 
les sequences selon 1' invention comme marqueurs d'une 
infection inf lammatoire au niveau des poumons. 
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Exemple 4 

Les Inventeurs ont fait une analyse par 
Northern blot de la presence de mRNA encodant le 
polypeptide B18 au niveau d'un poumon de rat apres 
25 injection intra-peritoneale d'agents pneumotoxiques . 

Ces agents sont le 4-ipomeanol , 1- (3-f yryl) -4- 
hydroxypentanone (IPO), le methylcyclopentadienyle 
manganese tricarbonyle {MMT) et le a-naphtylthiouree 
(ANTU) . 

30 Ces agents sont connus pour induire au niveau 

des poumons des lesions aigues des cellules de clara (ipo) 
ou des lesions aigues au niveau des cellules alveolaires 
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(MMT) ainsi que pour provoquer une augmentation de la 
perroeabilite de la barriere sanguine au niveau des alveoles 
(ANTU) . 

L 1 analyse par Northern blot a ete effectuee 
5 au moyen de 15 /ig de RNA total hybride sur chaque bande 
avec une sonde de 225 paires de base encodant le 
polypeptide B18 du rat, fixee et reportee sur une sonde de 
572 paires de base encodant la S-actine du rat; les deux 
sondes etant marquees a 1* element radioactif 32 P. 
10 L* analyse par Northern blot a ete quantifiee 

par la Phosphorimaging Technology et les donnees relatives 
au mRNA du polypeptide B18 ont ete normalisees par rapport 
au niveau de mRNA de la S-actine. 

La figure 3 montre que les sequences 
15 nucleotidiques selon 1* invention peuvent etre utilisees 
comme raarqueurs de lesions induites par 1' injection 
d* agents pneumotoxiques connus ou non connus . 
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RE VEND I CAT I ONS 
1* Sequence d'acides nucleiques presentant 
plus de 70% d'homologie avec la sequence SEQ ID NO 1 ou son 
brin complementaire. 
5 2. Sequence d'acides nucleiques presentant 

plus de 85% d'homologie avec la sequence SEQ ID NO 1 ou son 
brin complementaire. 

3. Sequence d'acides nucleiques presentant 
plus de 95% d'homologie avec la sequence SEQ ID NO 1 ou son 

10 brin complementaire. 

4. Sequence d'acides nucleiques correspondant 
a la sequence SEQ ID NO 1 , son brin complementaire ou des 
portions de ceux-ci comprenant plus de 15 paires de base, 
susceptible d' identifier ou de reconstituer la sequence SEQ 

15 ID NO 1. 

5. Sequence d'acides amines presentant plus 
de 70% d'homologie avec la sequence SEQ ID NO 1. 

6. Sequence d'acides amines presentant plus 
de 85% d'homologie avec la sequence SEQ ID NO 1. 

20 7 - Sequence d'acides amines presentant plus 

de 95% d'homologie avec la sequence SEQ ID NO 1 . 

8. Sequence d'acides amines correspondant a 
la sequence SEQ ID NO 1 ou une portion de celle-ci. 

9. Anticorps dirige contre les sequences 
25 selon l'une quelconque des revendi cat ions precedentes. 

10. Dispositif de diagnostic comprenant un 
element choisi parmi le groupe constitue par les sequences 
d'acides nucleiques, les sequences d'acides amines, des 
portions de celles-ci et/ou les anticorps selon l'une 

3 0 quelconque des revendications precedentes. 

11. Dispositif selon la revendication 10, 
caracterise en ce qu'il est une trousse de diagnostic ou 
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une colonne de chromatographie. 
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mRNA B18 Humain 

500 T : 




FIG.l 




FIG. 2 
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082615 TCAGTATCGGCGGMTTCGXXXTXXXXTCXAXXGGATTGGAATTGGCCTT 
B 1 8 GCCAGG — AGGCGGAGTGGAAGTGGCCGT 



U82615 GGGGCGGGTTTGGGACTAGCTGGCGTGTGCGCCCTGAXACGCTCAGCGGG 
315 GGGGCGGGTATGGGACTAGCTGGCGTGTGCGCCCTGAGACGCTCAGCGGG 



U 8 2 c 1 5 CTATATACTCGTCGGTGGGGCCGGCGGTCAGTCTGCGGCAGCGGCAGCAA 
E 1 9 CTAT ATACTCGTCGGTGGGGCCGGCGGTCAGTCTGCGGCAGCGGCAGC i A 



U82515 XACGGTGOVGTGAAGGAAAAXTGGGCGTCTGGCGGGGTCCGCAGTTTCAG 
B 1 8 GACGGTGCAGTGAAGGAGA-GTGGGCGTCTGGCGGGGTCCGC AGTTTCAG 



U82S15 
B18 



CAAAGCCGCTGCAGCCATGGCCCCAATCAAGGTGGGAGATGCCATCCCAG 
CAGAGCCGCTGCAGfcCATGGCCCCAATCAAGGTGGGAGATGCCATCCCAG 



U82S15 
318 



CAXTGGAGGTGTTTTGAAGGGGAGCCAGGGAACAAGGTTGA^CCTGGCAA 
CAGTGGAGGTGTTT-GAAGGGGAGCCAGGGAACAAGGT-GAACCTGGCAG 



U82615 
B18 



AXCTGTTCAAXGGCAAAAAGGTTGTGCTGTTTGGAATTCCCXGGGGCCTC 
AGCTGTTCAAGGGCAAGAAGGGTGTGCTGTTTGGAG7TCC-TGGGGCCTT 



U82615 
B19 



cacccctgaXttttcccaaaaxcaccttcccaggttt . 

caccccxggaxgxxccaagacaqvcctgccagggtttgtggagcaggctg 



U82615 
318 



TTTTXAA CAAGX 1 mn *AA- 

AGGCTCTGAAGGCCAAGGGAGTCCAGGTGGTGGCCTG7CTGAGTGT7AA? 



* * * * 



U82615 
B18 



GCXCCTA AAGGC CAX 

GATGCCTTTGTGACTGGCGAGTGGGGCCGAGCCCACAAGGCGGAAGGCAA 



U82515 
B19 



GA ATTCCCG TXXXXGGXCCTTT — 

GGTTCGGCTCCTGGCTGATCCCACTGGGGCCTTTGGGAAGGAGACAGACT 



U82615 
B18 



U82615 
318 



TCAAAT TTTTTAAAAACCX TTT7AAX 

TATTACTAGATGATTCGCTGGTGTCCATCTTTGGGAATCGACGrCTCAAG 
# » ♦ * * * * * *> » w » 

XX CAAAXTTG GGCCCCAAXCC 

AGGTTCTCCATGGTGGTACAGGATGGCATAGTGAAGGCCCTGAATGTGGA 



U82615 
318 



-CCAAAAGXCAAAAX 

ACCAGATGGCACAGGCCTCACCTGCAGCC7GGCACCCAATATCATCTCAC 



U62615 
319 



GA AGGTT — TTCCCCCCCCCC 

AGCTCTGAGGCCCTGGGCCAGATTACTTCCTCCACCCCTCCCTA7CTCAC 



C52615 : GCAA 

3 1 i CTGCCCAGCCCTGTGCTGGGGCCCTGCAATTGGAATGTTGGCCAGATrTC 

♦ w * ♦ 

US25I5 ACCCCCXXTGGXC G 

31c TGC AAT AAACACTTGTGGT TTGC GG AAAAAAA 

» * w , www 

FIG. 4 
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Sequence B18 Proteine: pi (theorique) : 6,96-7,3 MW: 16.899 

3.3.* 

' I I I I 60 

GCCAGGAGGCGGAGTGGAAGTGGCCGTGGGGCGGGTATGGGACTAGCTGGCGTGTGCGCC 

1 I | | I 120 

CTGAGACGCTCAGCGGGCTATATACTCGTCGGTGGGGCCGGCGGTCAGTCTGCGGCAGCG 

I I I I I 180 

GCAGCAAGACGGTGCAGTGAAGGAGAGTGGGCGTCTGGCGGGGTCCGCAGTTTCAGCAGA 

' I I I I 240 

GCCGCTGCAGCCATGGCCCCAATCAAGGTGGGAGATGCCATCCCAGCAGTGGAGGTGTTT 
M APIK VGDA IPAVrvp 

1 II I I 300 

GAAGGGGAGCCAGGGAACAAGGTGAACCTGGCAGAGCTGTTCAAGGGCAAGAAGGGTGTG 
EGBPGNKVN L A RLPirrs KKfi n- 

I I I I I 360 

CTGTTTGGAGTTCCTGGGGCCTTCACCCCTGGATGTTCCAAGACACACCTGCCAGGGTTT 
L E GVPGAFTPGCSKTHLPGF 

I I I I I 420 

GTGGAGCAGGCTGAGGCTCTGAAGGCCAAGGGAGTCCAGGTGGTGGCCTGTCTGAGTGTT 
VEQAEALKAKGVQVVACLSV 

I I I I I 480 

AATGATGCCTTTGTGACTGGCGAGTGGGGCCGAGCCCACAAGGCGGAAGGCAAGGTTCGG 
NDAFVTGEWGRAHKAEGKVR 

I I I I I 540 

CTCCTGGCTGATCCCACTGGGGCCTTTGGGAAGGAGACAGACTTATTACTAGATGATTCG 
LLADPTGAFGKETDLLLDDS 

CTGGTGTCC^TCTTTGGGAATCGACGTCTCAAGAGGTTCTCCATGGTGGTACAGGATGGC 
LVSIFGNRRLKRFSMVVQDG 

I II I I 660 

ATAGTGAAGGCCCTGAATGTGGAACCAGATGGCACAGGCCTCACCTGCAGCCTGGCACCC 
IVKALNVEPDGTGLTCSLAP 

I I II | 720 

AATATCATCTCACAGCTCTGAGGCCCTGGGCCAGATTACTTCCTCCACCCCTCCCTATCT 

I ' I I | | 780 

CACCTGCCCAGCCCTGTGCTGGGGCCCTGCAATTGGAATGTTGGCCAGATTTCTGCAATA 

I I I | I 840 

AACACTTGTGGTTTGCGGAAAAAAA 

FIG. 5 
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